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Smallholder farmers in Sub-Saharan Africa are characterized by low inputs and consequently low productivity. 
They are mostly self-sufficient but struggle to meet their own nutritional demand. With a fast-growing population 
there are even more mouths to feed, but agricultural production is threatened by the consequences of climate 
change. Sustainable intensification is considered a solution for this complex situation, and the Africa Research in 
Sustainable Intensification for the Next Generation is one of several projects promoting sustainable intensification. 
This thesis provides a holistic assessment of the project in Tanzania, based on a household survey which included 
579 households in Babati, Kilolo, Kongwa and Mbozi districts. The aim was to identify whether farms with a 
better sustainable intensification performance had more innovations implemented and which combinations of 
innovations could contribute to this performance. Hierarchical Cluster Analysis was used to identify combinations 
of innovations, and based on the Sustainable Intensification Assessment Framework several indicators were used 
to assess performances per cluster. Positive Deviant analysis, based on Pareto-optimality and above average 
performances for selected indicators, was used to identify farms that performed extraordinarily better. Ten 
innovation clusters were identified, and the farms in five clusters that used more innovations also had a better 
performance. A large majority of farms in the better performing clusters made more use of fertilizers, compared 
with lower performing clusters. There were 52 farms identified as Positive Deviants, and these farms made more 
use of innovations which were not widely represented in the innovation clusters. The majority of the farms was 
found in well performing clusters, however the most of these well performing farms and the Positive Deviant farms 
still used considerable amounts of pesticides, which conflicts with sustainable intensification and thus requires 
attention for future improvements.    
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African agriculture is dominated by small-scale farmers, with average farm sizes less than three hectares 
(Sarris, Savastano, & Christiaensen, 2006). These farmers play a vital role in the food provisioning but 
paradoxically, they are often struggle to meet their own nutritional demand (IFAD & UNEP, 2013). The farming 
systems of these smallholder farmers are characterized by low input and low outputs or productivity. Over eighty 
percent of these farmers produce at subsistence level and amongst these farmers the poverty rates are high 
(Kamara, Conteh, Rhodes, & Cooke, 2019). These farming households are however highly heterogeneous, as they 
differ on their access to and use of resources, production levels, risk management and aspirations for the future 
(Tittonell, 2008). Africa has a fast-growing population, causing an additional increase in demand for food and feed 
(IITA, ILRI, & IFPRI, 2012). Fulfilling this demand is however complicated by climate change, which causes 
more weather extremes that have a negative impact on staple crop productivity (Girvetz et al., 2019; Ogada, 
Radeny, Recha, & Solomon, 2020). 
Agricultural intensification is considered to be a solution for this complex situation, but is also associated with 
negative environmental impacts by the increased use of fertilizers and pesticides (Koch, Schaldach, & Göpel, 
2019; Rietveld, Groot, & Van der Burg, 2021). According to Tilahun et al. (2015), approximately two thirds of 
African land is already degraded. Therefore, the focus shifted towards sustainable agricultural intensification in 
order to feed the increasing population. Initially, it aimed to reduce environmental degradation, but over time 
human health and social dimensions were added to this concept (Rietveld et al., 2021). Sustainable intensification 
(SI) can be defined as “ […] the efficient use of resources to increase output levels from the same area of land 
while also reducing the adverse environmental or human condition or social impacts of agricultural production” 
(Ochieng et al., 2021, p. 1). According to Ochieng et al. (2021) there is no debate about whether African agriculture 
needs intensification, but rather about how this should be done sustainably.  
Africa Research in Sustainable Intensification for the Next Generation (Africa RISING) is the overarching 
name of three SI projects funded by the United States Agency for International Development (USAID) and aims 
to “provide pathways out of hunger and poverty for smallholder families through sustainably intensified farming 
systems that sufficiently improve food, nutrition, and income security, particularly for women and children, and 
conserve or enhance the natural resource base” (IFPRI, IITA, & ILRI, 2016, p. 1).  The Theory of Change forms 
the basis of this program, as there is supposed to be a connection between the program activities and the achieved 
result (Hillbur, 2013). This is done by a demand-driven approach and extensive stakeholder engagement, to ensure 
the beneficial outcomes for the livelihoods of these smallholder farmers (IFPRI et al., 2016). The SI innovations 
in the Africa RISING program include: improved crop varieties, post-harvest storage improvements (Timler et al., 
2014), climate-smart land management practices and improved animal husbandry practices (Africa RISING, 
2018b). To ensure holistic SI and to monitor progress, the program follows the Sustainable Intensification 
Assessment Framework (SIAF). This framework defines five sustainability domains: (1) productivity, (2) 
economic, (3) environment, (4) human condition, and (5) social. Per domain, indicators and metrics have been 
determined at field, farm, household and landscape level (Musumba, Grabowski, Palm, & Snapp, 2017).  
There is a large database with previous Africa RISING evaluations (Africa RISING, 2018a) and the program 
has proven itself to contribute to improved nutrition, increased income, more resistant crops, larger adoption of 
sustainable land management practices and increased capacity development of farmers (Muthoni et al., 2020). 
These evaluations however remain mainly focussed on the productivity, economic and environmental domains. 
The human condition and social domain turn out to be hard to assess due to a lack of data (Claessens, 2019). 
Researches focus on their discipline approaches and might lack knowledge or interest to gather data beyond their 
disciplines (Claessens, 2019). As one of the core ideals of the program is to holistically improve livelihoods for 
these smallholder farmers, it is important to focus more on the integration of the human condition and social 
domain in these assessments.  
Therefore, this research aimed to provide a holistic SI assessment of farming households in Tanzania. A post-
harvest household survey conducted by Africa RISING in 2020 was used as data source for this study. Inspired by 
the study of Jambo, Groot, Descheemaeker, Bekunda, and Tittonell (2019) which focussed on the motivations of 
farmers to implement SI innovations, the main research question of this study was whether there is a correlation 
between extraordinarily better performing farms in terms of SI and the combination (cluster) of SI innovations 
these farms have implemented. Hierarchical Cluster Analysis was used to identify clusters of innovations that were 
used by these farming households. Based on the SIAF, for each domain three or four indicators were selected to 
assess the SI performance per cluster of innovations. The identification of farms that perform extraordinarily better 
in terms of SI was done by a positive deviant analysis, a relatively new method to analyse farm performances 
(Banson et al., 2018; Modernel et al., 2018; Toorop et al., 2020; Wardropper et al., 2016). Positive deviants are 
defined as “[…] individuals that achieve better outcomes than their peers despite having the same resources and 
constraints”  (Toorop et al., 2020, p. 1). These individuals, or in this case farmers, could be considered “innovators” 
which practices can help to optimize local potentials (Padmaningrum, Hariadi, & Hariyadi, 2019). The 
methodology of this analysis was based on the study by Toorop et al. (2020), which was also based on multiple 
indicator maximization and Pareto-optimality.  
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Three farms that have been part of the Africa RISING program for several years (so called “selected farms”) 
were also part of the post-harvest study, and were the lead throughout this research. Three sub research questions 
were set to answer the main research question: (1) How do the selected farms perform at the five sustainability 
domains in comparison with similar farms with fewer or no innovations?, (2) Which clusters of farmers 
implementing particular combinations of innovations can be identified, and how do these clusters perform at SI 
and household characteristics?, and (3) Which farms are Positive Deviants in terms of SI indicators and what are 
specific household characteristics? The hypothesis is that farms with more innovations perform better at SI 
indicators, and farms with fewer innovations have a lower SI performance. The selected farms that have been part 
of Africa RISING for multiple years are expected to have many SI innovations implemented are thus also 
anticipated to belong to a cluster with many innovations and to perform well in terms of SI indicators.  
2. Materials and methods 
2.1 Study area 
The dataset used for this research 
was derived from a post-harvest 
household survey which took place 
from the 30th of June to the 30th of July 
2020, in Babati, Kilolo, Kongwa and 
Mbozi districts in Tanzania. 
Respective extension officers created 
lists of all the households within their 
villages, of which interviewees were 
randomly selected by a cluster 
sampling. In total 579 households 
were included and their distribution 
can be found in Fig. 1. (Personal 
communication dr. J. Manda, 15-04-
2021).  
Following the five sustainability 
domains of the SIAF in Tanzania, 
agricultural  productivity (1) is 
generally low. The main staple crop is 
maize (Zea mays), and yields are 
significantly lower than global averages (Msuya, Hisano, & Nariu, 2008). This is partially due to moderately acidic 
soils (pH 5-6) in for example Kilolo and Mbozi districts, while the optimum pH for maize cultivation is 6-7.2 
(Muthoni et al., 2020). Due to climate change, these crop yields are expected to decrease with approximately 25-
50% (Lamanna et al., 2016; Manda, Notenbaert, & Groot, 2019). Half of Tanzanian households keep indigenous 
Tanzania Shorthorn Zebo cattle and most of the milk (93%) and meat (99%) is produced in this traditional 
production system (Paul et al., 2020; The Vice President's Office, 2012). Cattle densities are high in Mbozi and 
Babati districts, and moderately high in Kongwa district. Despite the importance of livestock, productivity remains 
low due a lack of adequate inputs (Africa RISING, 2018b). Again, this production is threatened by the 
consequences of climate change (Simpkin, Cramer, Ericksen, & Thornton, 2020). Generally, crop and livestock 
practices are poorly integrated by the farmers which prohibits an optimal farming system (Africa RISING, 2018b).  
Agriculture is important for Tanzania’s economy (2): the majority of the population is working in agriculture, 
and it accounts for almost two-thirds of the countries’ GDP (FAO, 2021). Over the decades, poverty rates have 
decreased. However, in absolute numbers still half of the population has less than $1.90 dollar per day to spend 
(World Bank, 2021). Access to markets is an important incentive for agricultural investment, as markets provide 
inputs and tools, and an exchange of food. Travel times to markets is relatively high in Tanzania, prohibiting this 
incentive (Muthoni et al., 2020).  
In terms of environment (3), Tanzania’s biodiversity is threatened by the population growth, environmental 
mismanagement, the expansion of commercial agriculture and climate change (The Vice President's Office, 2012). 
This is not only problematic at environmental level, but also directly affects the Tanzanians as nature and natural 
resources have a central role in many of their livelihood strategies (The Vice President's Office, 2012). Pesticides 
are used regularly, but the involved practices often lack safety measures and thus cause health issues (Lekei, 
Ngowi, & London, 2014). Steep slopes can be found especially in Kilolo, Mbozi and Babati districts, which makes 
the soil vulnerable for erosion (Muthoni et al., 2020). 
The human condition (4) domain covers mostly nutritional indicators focussing on women and children, as 
the most vulnerable groups in society (Musumba et al., 2017). The absolute numbers of children stunted or wasted 
are still high in the country, and in some areas even increasing (Inter-Agency Regional Analysts Network, 2017). 
Fig. 1.  Distribution of 579 households (farms) in the study. 
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Despite decreasing malnutrition percentages, at national level an estimated 450,000 children are still suffering 
from malnutrition. This is high compared with other East African countries and problematic for the development 
of this generation. (Inter-Agency Regional Analysts Network, 2017). Hidden hunger appears as most diets of rural 
farming families are mainly consisting of basic staple foods like maize, rice, millet, and sorghum, and especially 
(pregnant) women and children younger than two years old have chronic micronutrient deficiencies. 
Micronutrients usually lacking are vitamin A, iron and zinc. (Okello, Sindi, Shikuku, McEwan, & Low, 2017). 
Since there is a high population of children under five years old in Babati and Mbozi districts, these are interesting 
program target districts (Muthoni et al., 2020). Education has proven to lower these rates, which makes awareness 
and education about nutrition in all its aspects a very important means (Musumba et al., 2017). Training is also 
health related in terms of information spreading information about safe use of means such as pesticides (Muthoni 
et al., 2020).  
The social domain (5) covers (gender) equity, social cohesion, and collective action. Generally, subsistence 
farmers are most vulnerable to the consequences of climate change. Women are especially vulnerable, since they 
are often more poor and have lower literacy rates than men, which makes it more difficult for these women to 
adapt their farming practices (McOmber, Riley, McKune, & Russo, 2015). Men tend to migrate to urban areas to 
find other sources of income, but is less of an option for women as they face more gender inequalities. 
Consequently, agriculture is becoming more feminized, and the improvement of their access to and control over 
resources would increase their empowerment and less vulnerable to the consequences of climate change 
(McOmber et al., 2015).  
 
2.2 Study design 
The methodological approach of this research can be divided into four steps, shown in Fig. 2. The results 
from the first step form the basis for the following steps. The following paragraphs elaborate on these steps.  
2.2.1 Quantification 
Based on supplementary data by Jambo et al. (2019) and contact with IITA experts dr. ir. L. Claessens (Annex 
1) and dr. J. Manda (personal communication 24-02-2021), several SI innovations were identified in the survey. 
Information about these innovations can be found in Annex 2. This information was transformed to a binary 
dataset, which provides per household all the innovations implemented. This dataset was the basis for Step 3: 
Innovation clusters.  
In order to find suitable SI indicators, the survey was compared with the Sustainable Assessment Framework 
(SIAF) by Musumba et al. (2017). The SIAF provides indicators at field, farm, household and landscape level. 
Smallholder farms in this study are highly dependent on family labour and the producers of the food are also the 
consumers of the produce, thus the farms are highly connected with the household (Ditzler et al., 2019). Therefore, 
indicators at both farm and household level were used. Variables collected in the survey were mapped to SIAF 
indicators (Annex 3) and a subset was selected for quantification. Several indicators were not directly available in 
the survey, but could be derived from farm modelling. Therefore, all farms were modelled in FarmDESIGN, a 
widely used model to address trade-offs and synergies at farm-level. The FarmDESIGN model is a static model 
that quantifies and evaluates productive, economic and environmental farm performances on annual basis. This 
makes it a suitable model to identify several indicator related cycles in the farming system, such as nutrient flows, 
productivity and profitability. (Groot, Oomen, & Rossing, 2012). The model can be used for scenario analysis, but 
in this case the model was used to analyse current farm performances. The model was parameterised for each farm 
based on the data derived from the household survey (Annex 4). The environmental parameters (soil pH, soil 
organic carbon, bulk density and temperature) were derived from the study of Muthoni et al. (2017).  
The selected set of household-level SI indicators were verified with experts on the ground, to ensure their 
relevance and validation. The final SI indicators are elaborated in Table 1. The household indicators are: household 
head gender (male/female), age of household head (years), household size (number of people who live and share 
1. Quantification
• Identification of 
innovations




•Creating a dataset 




• Identification of 
selected and 
comparable farms
•Visualization of the 

















better than average 
and Pareto ranking 1
•Statistical analysis
Fig. 2.  Methodological steps. 
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meals together at least one season per year), off-farm income (% of total household income), crop sales (Tsh/year), 
animal (product) sales (Tsh/year), money spent on fertilizers (Tsh/year for mineral and organic fertilizers, both top 
and basal), money spent on pesticides (Tsh/year), food purchase (Tsh/week), area owned by household (ha), area 
farmed by household (ha under crops), TLU according to Rothman-Ostrow, Gilbert, and Rushton (2020) (number), 
and the number of SI innovations.  
 
Table 1. SI indicators for five domains of the SIAF used in the analysis. 
 Indicator Unit Elaboration 
Productivity 
1 Dietary energy 
productivity 
Kg/ha FarmDESIGN provides the total dietary energy produced at the farm. This is divided by the total 





Most of the households (95%) grow maize as one of their main crops on their fields. The main crop 
yields are divided by the area under this main maize crop. 
3 Nitrogen 
efficiency  
% Tanzania has a two-sided nitrogen problem: on the one hand there is not enough soil nitrogen to 
produce enough food, but on the other hand causes an excess of nitrogen severe ecological and 
human health problems (Hutton et al., 2017; Schut & Giller, 2020). The nitrogen efficiency is 
modelled in FarmDESIGN.  
Economic 
1 Farm Gross 
Margin 
Tsh Farm gross margin is the gross income minus variable costs. Fixed cost are not addressed in the 
survey, which prohibits calculating operational profit. Modelled in FarmDESIGN.  
2 Income 
diversification 
No.  A diversification of practices to earn income can help the household to spread risks and would 
improve dietary diversification (Timler et al., 2014). This value is the total number of household 
income sources.  
3 Household leisure 
time  
Hours Indicates the workload of the farm on the household. More leisure time gives the opportunity to do 
additional or other tasks that could contribute to a better sustainability performance. Assumed is a 
work day of 7 hours, and the supply of family labour or availability to work is specified for each 
household member dependent on their age. Modelled in FarmDESIGN.  
Environment 
1 Farm crop and 
animal diversity 
No. The number of different crops grown on the farm (including intercrops) plus the number of farm 
animals. Increasing farm diversity contributes to the preservation of biodiversity and the 
enhancement of ecosystem services in agricultural sites (Beillouin, Ben‐Ari, Malezieux, Seufert, & 
Makowski, 2021). Besides, smallholders that keep multiple types of animals and grow a wider 
variety of crops spread the risks of being food insecure when a crop fails (Timler et al., 2014).  
2 Nitrogen balance kg As proxy for nutrient losses. The nitrogen balance is based on the nitrogen volatilization and 
nitrogen losses + accumulation, modelled in FarmDESIGN.   
3 Pesticide AI g/kg Amount of active ingredients, modelled in FarmDESIGN.  
4 Erosion level Scale As erosion is linked to inefficient resource utilization and  insufficient land management, it is a 
useful indicator of soil degradation (Wickama, Kessler, & Sterk, 2018). Categorial variable 1-3, (1) 
severe erosion, (2) mild erosion, and (3) no erosion. For farms with multiple fields, the lowest level 
was selected for analysis.  
Human condition 
1 HDDS  No. Household Dietary Diversity Score, as a proxy for the household’s access to a variety of foods. An 
increase in HDDS is associated with improved socio-economic circumstances of the household and 
it food security. (FAO, 2010) 
2 WDDS  No.  Women Dietary Diversity Score, reflects the diets nutrient adequacy of women of reproductive age 
(FAO, 2010).  
3 Education  Years The years the household head followed education. Knowledge allows to make better-informed 




(kg/ha) Protein production per farm is modelled in FarmDESIGN, divided by the farm area. Protein 
shortage is a common cause of malnutrition. It is important for growth and muscle mass, and 
therefore especially important for women in reproductive at age and children (Henley, Taylor, & 
Obukosia, 2010).  
Social 
1 Farming decision 
making index  
(0-1) The farm related decisions cover 5 topics: soil and water conservation, the sale and related income 
of maize, beans and pigeon peas, the sale and related income of animal products, the sale and related 
income of livestock, and the grading of cereals. In case the man is responsible value = 0, together = 
0.5 and for a woman = 1. As every topics counts equally, a value is calculated for each of the value. 
Then it is summed and divided by 5. Proxy for gender equality, as it measures the involvement of 
women in decision making about farm-related topics. Based on the decision-making-index by 
IndiKit (2021).   
2 Asset ownership 
distribution 
(0-1) All assets have a value: in case the asset is owned by a man = 0, together = 0.5, woman = 1. This is 
summed for all the assets and divided by the number of assets in total.  
3 Collective action  (0/1) Anyone in the household has been a member in a formal or informal group or institution in the last 3 
years. Groups or institutions: input supply group or farmer cooperative, crop marketing group, 
Church/mosque association/congregation, savings and credit association, women’s 
association/group, youth association.  
0 = no, 1 = yes.  
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2.2.2 Farm comparisons 
The Africa RISING program was interested in an assessment of three selected farms that have been working 
with the program for several years (Farm S1, Farm S2, Farm S3) and were assumed to have many innovations 
implemented. Their performance was compared with the performance of farms that had similar household 
characteristics, but had fewer innovations implemented. Criteria for selection of the comparison farms C1, C2 and 
C3 were 1) the farms were located in the same district, 2) recommendation domain (Muthoni et al., 2017) and 3) 
the household heads have the same gender. Then the selection was based on 4) the closest number of household 
members and 5) farming area. Farm S2 had only five innovations implemented, which is relatively few compared 
with Farm S1 and S3. In order to compare farms with relatively more and fewer innovations, Comparable farm C2 
was selected also based on relatively more innovations implemented. All features of the farms are shown in Table 
2.  
The SI indicators in Table 1 formed the basis for this analysis. In order to visualise the differences in 
performance, the numbers of the farm and comparable farm, and the dataset modus and mean were transformed in 
numbers in a range from 0-1, and then visualised in spiderwebs. 
 
Table 2. Household characteristics of selected farms and comparable farms. 











Selected farm S1 Kongwa Male 4.86 6 1 10 
Comparable farm C1 Kongwa Male 4.01 7 1 3 
Selected farm S2 Babati Male 4.2 7 4 5 
Comparable farm C2 Babati Male 3.63 5 4 8 
Selected farm S3 Babati Male 5.66 5 16 9 
Comparable farm C3 Babati Male 2.43 6 16 5 
 
2.2.3 Innovation clusters 
Hierarchical Cluster Analysis (HCA) was used to identify which combinations of innovations were commonly 
implemented by farmers. The binary dataset with innovations per household was used for this analysis. The 
Euclidian distances between farms were calculated and the Ward algorithm was used in the HCA. The resulting 
innovation clusters were compared for their farm and household characteristics and their performance of SI 
indicators. 
 
2.2.4 Positive Deviants  
This methodology consisted of several steps, based on Toorop et al. (2020). Firstly, for each SI domain one 
indicator was selected for further analysis. This selection was based on low mutual correlations with indicators in 
other domains to avoid double weighting of the same indicator. These indicators were dietary energy productivity 
(maximized), farm gross margin (maximized), pesticide AI (minimized), HDDS (maximized), and asset ownership 
distribution (maximized). Farms with missing values for one of these variables were removed for further analysis. 
Secondly, the mean value for each of the indicators was calculated. Farms with a performance better than dataset 
mean were ranked with value 1, lower with value 0. For all farms the resulting values for the five indicators were 
summed. Farms that performed better than dataset mean for at least four indicators were selected for further 
analysis. Thirdly, all farms in the dataset were Pareto ranked. In the FarmDESIGN model, multi-objective 
optimization in the exploration process allows the generation of Pareto-optimal farm configurations (Groot et al., 
2012). Pareto ranking was used to identify farms that perform better than other farms for the five selected 
indicators, without being outperformed by any of the other indicators. Formulated differently, it means that the 
performance of the five indicators is optimal, and this cannot improve without diminishing the optimality of one 
of the other four indicators. It is a method to combine multiple indicators without giving them subjective weights. 
(Modernel et al., 2018). Farms with Pareto ranking 1 were selected for further analysis. Fourthly and finally, the 
farms with a performance better than dataset mean for at least four out of five indicators were selected based on 
their Pareto raking 1. The resulting farms were determined as PD farms, and for these was analysed whether they 
were a selected or comparable farm, in which innovation cluster they fit, the number of innovations they 
implemented, and their household characteristics.  
 
2.2.5 Statistical analysis 
In order to identify differences between clusters and (non-) PD farms, several statistical tests were ran in 
RStudio. The ggplot2 package was used to perform the regression analysis which shows whether farms with more 
innovations were more intensive.  In order to identify differences between innovation clusters for both SI and 
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household indicators, ideally an One-Way ANOVA was performed. However, none of the SI or household 
indicators met the tests’ assumptions (tested with a Shapiro-Wilk and Levine’s test). Therefore, the differences 
between medians for het indicators per innovation cluster were tested with the Kruskal Wallis test. To specify 
between which clusters the differences occurred, the Pairwise Wilcox test was added (α < 0.05). The SI indicator 
‘collective action’ has to be interpreted with caution, as there were many missing values. The household head 
gender is a binary variable and differences were therefore tested with a Pearson’s Chi-squared test. 
To verify whether there was a significant representation of PD farms in a specific innovation cluster, a Pearson's 
Chi-squared test with Yates' continuity correction was used. This test was also used to verify whether PD farms 
significantly used more innovations. To identify differences in household characteristics, the Wilcoxon rank sum 
test with continuity correction was used. For household head gender a Pearson’s Chi-squared test was used. 
Significant representations of clusters of innovations and PD farms in the districts were also tested with a 
Pearson's Chi-squared test with Yates' continuity correction.  
3. Results 
3.1 Number of innovations used by farmers 
Fig. 3 provides the identified SI innovations in the 
survey, and their frequency of implementation at the 
farms. Most frequently implemented were durable- and 
non-durable post-harvest facilities and rip tillage. Only 
three farms grow their own vegetables.  Fig. 4 shows 
how many innovations the farms implemented. A 
relatively large share of the farms implemented almost 
half of the identified SI innovations. There were very 
few farms that have implemented less than four 
innovations (7%) or more than 10 (5%).  
 
 
Fig. 3. Frequency SI innovations implemented. The non-durable post-harvest facilities include: polypropylene sheets for grain 
sun-drying, canvas/tarpaulin used for grain sun-drying, sisal bags used for drying, sisal bags used for storage, polypropylene 
bags for grain storage, hermetic PICS bags used for grain storage. The durable post-harvest facilities include the metal silo, 
plastic drum, Kihenge (traditional closed storage facility), basket, large pot, separate structure used for maize storage, room 
in house used for maize storage, traditional crib (round bottom), traditional granary (cylindrical shape, flat bottom), traditional 
storage over fire in kitchen, improved granary (wicker wall), improved granary (wooden wall). Organic amendments as 
fertilizer include crop residues , animal manure, compost, green leafy biomass and household refuse/waste . Vegetables include 
union, pepper, kale, carrot, tomato and pumpkin. 
Fig. 4. Number of innovations per farm. 
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3.2  Correlations among indicators 
The correlations between SI indicators and household characteristics can be found in Table 3. There were high 
correlations between the productivity indicators: dietary energy productivity, maize productivity, and protein 
productivity. There was a positive correlation between farm gross margin and farm crop and animal diversification 
(0.31). There was a negative correlation between farm crop and animal diversity – nitrogen efficiency (-0.33), and 
a positive correlation between farm crop and animal diversity – nitrogen balance (0.32). The correlation between 
nitrogen efficiency -  nitrogen balance was negative (-0.44). There was a negative correlation between the age of 
the household head and their years of education (-0.32). Households with more members had more leisure time 
(0.49) and a higher farm crop and animal diversity (0.34). Higher crop sales correlated with more pesticide AI 
(0.32). Spending more money on fertilizers correlated with the higher maize productivity (0.33). The larger the 
farming area, the higher the farm crop and animal diversity (0.33), and the higher pesticide use (0.57). Farms with 
a higher TLU tended to have a lower nitrogen efficiency (-0.33), but a higher gross margin (0.48).  
 
Table 3. SI indicator and household indicator correlations. The binary indicators ‘collective action’ and ‘household head 







































































































































































































              
Nitrogen 
Efficiency 
0.46 0.39 X 
             
Farm GM 
0.24 0.16 -0.04 
X 
















          
Farm crop and 
animal diversity 
0.05 0.10 -0.33 
0.31 
0.10 -0.05 X 
         
Erosion 0.09 0.02 0.13 
0.01 
-0.12 -0.05 -0.09 X 
        
Pesticides AI 0.09 0.12 -0.03 -
0.02 
-0.06 -0.03 0.06 -0.01 X 
       
Nitrogen Balance 0.12 -0.07 -0.44 
0.10 
0.00 -0.09 0.32 0.01 0.00 X 
      
HDDS 0.04 0.03 -0.11 
0.14 
0.21 0.01 0.29 -0.10 0.00 0.11 X 
     
WDDS 0.10 0.11 -0.05 
0.18 
0.15 0.09 0.28 -0.06 0.02 0.07 0.57 X 
    
Protein 
productivity 
0.96 0.72 0.33 
0.30 
0.00 -0.13 0.15 0.08 0.07 0.29 0.09 0.14 X 
   
Education 0.17 0.16 0.08 
0.08 





















































0.44 0.05 -0.20 -0.03 -
0.10 
-0.06 0.15 0.00 -
0.18 
0.04 0.02 0.07 
Crop sales 0.17 0.24 -0.03 
0.21 




0.03 -0.05 -0.14 
0.19 




Money spent on 
fertilizers 
0.25 0.33 0.00 
0.20 
-0.12 -0.10 0.23 -0.06 0.54 -0.04 0.05 0.12 0.20 0.14 0.04 -
0.06 
Money spent on 
pesticides 
0.08 0.16 -0.02 
0.20 





0.04 0.03 -0.03 
0.09 
0.08 0.08 0.12 0.04 0.05 0.03 0.24 0.16 0.05 0.11 0.00 -
0.09 
















-0.09 0.05 0.33 -0.05 0.57 -0.03 0.13 0.14 -
0.14 
0.02 0.04 0.00 
TLU 0.18 0.06 -0.33 
0.48 




Total number of 
innovations 
0.30 0.37 -0.02 
0.18 







The correlation matrix for the household indicators can be found in Annex 5. Higher crop sales correlate with 
more money spent on fertilizers (0.50) and more money spent on pesticides (0.43). Farms that spent more money 
on inputs were more likely to spend more on pesticides (0.44). Larger farms had higher crop sales (0.41) and spent 
more money on fertilizers (0.42) and pesticides (0.43). Larger farms (ha) have a higher TLU (0.35), and a higher 
TLU correlates with more animal (product) sales (0.36).  
To verify whether farms with more innovations were more intensive, a regression analysis was done for the 
following intensification indicators: farm gross margin, money spent on pesticides, money spent on fertilizers, 
maize productivity, dietary energy productivity, protein productivity, TLU, and farm crops and animal diversity. 
Results are shown in Fig. 4. For all these indicators there was a significant increase when more innovations were 
implemented, meaning that with an increase in innovations implemented the farm was more intensive. 
Remarkably, it seems that the highest values are achieved with relatively intermediate number of innovations 
implemented and seems not further increase with additional innovations. The regression is relatively low for the 
indicators: farm gross margin (R = 0.18, p-value = 8.8e-06), money spent on pesticides (R = 0.18, p-value = 1e-




Innovations – Farm gross margin Innovations – Money spent on pesticides 
  
Innovations – Money spent on fertilizers Innovations – Maize productivity 
  




Innovations - TLU Innovations – Farm crop and animal diversity 
Fig. 4. Regression analysis for innovations and farm intensity indicators. Indicators farm gross margin, dietary energy 
productivity and protein productivity are derived from modelling in FarmDESIGN.  
3.2.1 Farm comparisons 
Fig. 5 provides the visualizations of farm performances of the three selected farms that have been part of the 
program for several years (Farm S1, S2 and S3), the comparable farms (Comparable farm C1, C2 and C3), and the 






Fig. 5.1. Farm comparison 1 Fig. 5.2. Farm comparison 2 
  
Fig. 5.3. Farm comparison 3 Fig. 5.4. Selected farms compared with dataset mean and 
modus 
Fig. 5. Visualization of farm comparisons. For all indicators a higher score represents a better performance, except for the 
indicators erosion, pesticide AI and nitrogen balance. For these indicators a low score is preferred. Farm decision making 
and household asset distribution more than half means that women are more included, however half is also considered as good 
performance.  
The first farm comparison (Fig. 5.1) shows that Farm S1 performed better for all indicators compared with 
Comparable farm C1, except farm decision making and nitrogen efficiency. Farm 1 performed above average for 
most indicators, however productivity was slightly lower than the dataset mean. Comparable farm C1 performed 
better than the dataset mean for the indicators of household leisure time, erosion, pesticide AI, nitrogen balance, 
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WDDS and farm decision making index. However, most of the indicators were around or below dataset mean 
performance, especially productivity indicators. The second farm comparison (Fig. 5.2) shows that Farm S2 only 
obviously performed better than Comparable farm 2 in terms of collective action and education. Comparable farm 
C2 performed better than Farm S2 in terms of maize productivity and HDDS, but had low performance on protein 
and dietary energy productivity, nitrogen efficiency, education, collective action, farm decision making index and 
asset ownership distribution. The nitrogen balance was worse than dataset mean. Erosion is a problem for this 
farm, however less than dataset mean. The third farm comparison (Fig. 5.3) shows that Farm S3 performs better 
than Comparable farm C3 for all indicators except the farm decision making index. Productivity of both farms is 
lower than dataset mean, the farms also deal with mild erosion and have a high nitrogen balance. Compared with 
dataset mean, farm S3 performed better for all indicators except productivity and nitrogen balance. Women were 
highly included in farm decision making and asset ownership distribution. Comparable farm S3 performed below 
or around dataset mean for most indicators.  
Comparing the three selected farms with the dataset modus (Fig. 5.4) shows that all three farms perform better 
at all domains, except productivity and nitrogen balance. Especially performance of farm gross margin, HDDS, 
WDDS and collective actions is far above dataset mean.  
 
3.2.2 Innovation clusters 
3.3.1  Clustering 
From the whole dataset, four farms were removed for clustering as there is limited information available about 
these farms. Annex 7 elaborates on the decision for the number of clusters.  
Table 4 shows the clusters of innovations that were distinguished. Fig. 3 already showed that the durable and 
non-durable storage facilities were used most frequently, and cluster 9 was the only one where non-durable storage 
facilities were not used by >80% of the farmers. Clusters 4 and 8 were the only ones where the durable facilities 
are not used by >80% of the farmers. Cluster 10 had the lowest number of innovations implemented, and was also 
the smallest cluster with only 18 farming households. Cluster 5 is the largest cluster, including 120 farming 
households.  
 
Table 4. Determining innovations per innovation cluster. The bold numbers represent >80% use by the farms in the cluster.  
Innovation cluster 1 2 3 4 5 6 7 8 9 10 
No. Innovations per farm 8.2 7.8 7.4 8.4 7.9 5.9 4.8 4.3 4.2 2.2 




1.000 1.000 1.000 0.982 1.000 0.966 0.836 0.947 0.737 0.889 
Durable post-harvest facilities 0.934 0.967 0.831 0.764 0.933 0.966 0.964 0.553 0.947 1.000 
Rip tillage 0.885 0.522 0.661 0.818 0.917 0.932 0.891 0.632 0.895 0.000 
Improved crop variety 0.918 0.826 0.763 0.527 0.792 0.305 0.091 0.132 0.053 0.000 
Top fertilizer 0.180 0.913 0.966 0.964 0.942 0.051 0.073 0.000 0.000 0.000 
Basal fertilizer 0.115 0.967 0.949 0.855 0.967 0.017 0.018 0.000 0.000 0.000 
Crop rotation 0.525 0.185 0.492 0.782 0.925 0.949 0.000 0.632 0.000 0.000 
Minimum tillage 0.361 0.598 0.186 0.982 0.317 0.186 0.727 1.000 0.158 0.000 
Mulching 0.426 0.130 0.932 0.727 0.125 0.186 0.018 0.000 1.000 0.000 
Intercropping 0.656 0.141 0.068 0.491 0.117 0.678 0.545 0.263 0.000 0.000 
Use organic amendments as 
fertilizer 
0.721 0.174 0.169 0.309 0.167 0.237 0.327 0.000 0.263 0.000 
Fanyajuu (with and without 
trees) 
0.295 0.359 0.051 0.055 0.325 0.153 0.145 0.026 0.000 0.167 
Harvesting crop residues 0.443 0.500 0.186 0.018 0.083 0.017 0.018 0.026 0.053 0.056 
Residual tied ridging 0.197 0.228 0.068 0.073 0.117 0.017 0.055 0.053 0.053 0.056 
Boundary trees 0.295 0.120 0.034 0.073 0.100 0.119 0.073 0.026 0.000 0.000 
Tied ridging 0.279 0.174 0.017 0.018 0.058 0.085 0.055 0.026 0.000 0.000 




3.3.2  SI performance and household characteristics per innovation cluster 
The results of SI and household indicators comparisons per innovation cluster can be found in Annex 8 and 9. 
A summary of significant differences between clusters is provided in Table 5. Innovation clusters 1-5 performed 
significantly better than clusters 6-10 in terms of productivity, farm gross margin, crops sales and the average 
number of innovations that was implemented. Generally, it is remarkable that for each domain there are two or 
more indicators with a significant difference for at least one innovation cluster, except for the social domain. There 
are no significant differences between the innovation clusters for this domain.  
 
Table 5. Summary of significant differences between innovation clusters. Based on the Pairwise Wilcox tests (results in Annex 
8 and 9). In order to show the most important differences, the differences are significant for a comparison with at least 5 other 
innovation clusters. Higher performance is indicated with a +, lower performance with a -. Positive evaluated significant 
performance is coloured green, negative evaluated significant performance is coloured red. Other observations are coloured 
yellow.  
Innovation cluster 1 2 3 4 5 6 7 8 9 10 
Indicator  
Dietary energy productivity + + + + + - - - - - 
Maize productivity + + + + + - - - - - 
Farm gross margin      -    - 
Household leisure time  -         
Income diversification      +    - 
Farm crop and animal 
diversity 
+ +        - 
Pesticide AI  + + +       
Nitrogen balance +          
Protein productivity + + + + + - - - - - 
HDDS          - 
WDDS          - 
Money spent on fertilizers - + +        
Money spent on pesticides  +         
Money spent on food     +     - 
TLU +          
Crop sales + + + +  - - - - - 
Off-farm income      + + + +  
Innovations + + + + + - - - - - 
 
Table 6. General farm SI performance per innovation cluster. Based on Pairwise Wilcox test (Annex 8). High performance is 
indicated with a +, low performance with a -. Positive evaluated performance is coloured green, negative evaluated 
performance is coloured red. Average performance or with high variability is coloured yellow.   
Innovation cluster 1 2 3 4 5 6 7 8 9 10 
Indicator  
Dietary energy productivity + + + + + - - - - - 
Maize productivity + + + + + - - - - - 
Nitrogen efficiency - + + + +  - - - - 
Farm gross margin + +   +    - - 
Income diversification      + +   - 
Household leisure time + -       +  
Farm crop and animal 
diversity 
+ +    -  - - - 
Erosion   +      +  
Pesticide AI + + + + + - - - - - 
Nitrogen balance +      + +   
HDDS  +        - 
WDDS + +        - 
Protein productivity + + + + + - - - - - 
Education + + + + +  +   - 
Collective action   +  + + - - + - 
Farm decision making 
index 
 + +  + + + + + + 
Asset ownership 
distribution 




Table 6 shows the general SI performance per innovation cluster. Cluster 1-5 have high dietary energy and 
maize productivity, clusters 3 and 5 perform even better than the other good performing clusters. Clusters 1-5 have 
higher pesticide AI. Generally, there were only few occurrences of severe erosion. Cluster 9 had most variation in 
the years of education followed by the household, and it is the only cluster where 25% of the farm household heads 
received more than seven years of education. The farm decision making index is more female oriented for only 
clusters 3 and 9. Remarkable is that only in clusters 1 and 4 male decision making occurs more often. Generally, 
farm decision making seemed to be more a female oriented and asset ownership distribution seems to be more 
male oriented. The latter was true for all clusters except 10, with a relative more female orientation.  
Remarkable household characteristics are the following: In cluster 9 and 10 there were more female headed 
households, but the majority was still male headed. There were no significant differences between the household 
head age and household size, and few for off-farm income. Farms in cluster 1-3 and 5 have higher crop sales than 
farms in clusters 6-10. There are no significant differences in animal (product) sales between the clusters. Clusters 
2-5 spent approximately same amount of money on fertilizers, farms in cluster 1, 6-10 spend almost no money on 
fertilizers. There are relatively few households that spend money on pesticides in cluster 6-8 and 10. Cluster 2 and 
4 spend the most on pesticides. There are no significant differences in the farmed area between clusters. Farms in 
cluster 1 have a higher TLU, which is significant for clusters 3-6 and 8-10.  
Interestingly, in Kilolo and Mbozi districts were significantly more farms in innovation cluster 1-5 (Kilolo – 
Utengule,  χ² = 8.731, p-value = 0.003; Kilolo - Kitowo , χ² = 4.4812, p-value = 0.034; Mbozi,  χ² =120.99, p-value 
= 2.2e-16) and in Kongwa there were significantly more farms in cluster 6-10 χ² = 280.79, p-value = 2.2e-16). 
 
3.3.3  Selected and comparable farms 
After clustering the farms in the dataset, the selected and comparable farms can be found in a cluster. 
Table 7 gives these results. 
 
Table 7. Innovation clusters of selected and comparable farms 
Farm Farm S1 Comparable farm 
C1 
Farm S2 Comparable farm 
C2 
Farm S3 Comparable farm 
C3 
Cluster 1 8 1 1 2 8 
 
3.2.3 Positive Deviants 
After removing farms with missing values for one of the five selected indicators, 558 farms were used for 
further analysis. Of these were 132 farms with a performance better than dataset mean for at least four of these 
five indicators. There were 75 farms with a Pareto-ranking 1. Combined, there were 52 farms that performed better 
than average for at least four out of five indicators compared with the dataset mean and were Pareto-optimal.  
Farm S1 and Comparable farm C3 were identified as Positive Deviant (PD) farms, and both performed better 
than dataset mean for four indicators (farm gross margin, pesticide AI, HDDS and asset ownership division). Most 
PD farms with a better performance than dataset mean for four but not five indicators performed lower for the 
indicators HDDS (60%) and asset ownership distribution (21%).  
Fig. 6 shows the number of PD farms per innovation cluster. Pearson's Chi-squared test with Yates' continuity 
correction shows that cluster 1 not only has the highest percentage of PD farms (20%) but that this is also 
significant compared with the whole dataset (χ² = 4.8019, p-value = 0.028). Pearson's Chi-squared test with Yates' 
continuity correction also shows that most Positive deviant farms were significantly more present in clusters 1-5 
(χ² = 5.1147, p-value = 0.028), however remarkably none in cluster 4. The PD farms that were in clusters that are 
generally not performing 
very well in terms of SI, 
have relatively more 
innovations implemented 
compared to other farms 
within their cluster. 
Fig. 7 shows the share 
of PD and non-PD farms 
that implemented an 
innovation. A Chi-
squared correlation 
shows that compared 
with the other farms in 
the dataset, PD farms 
significantly used more  Fig. 6. Number of positive deviant farms per innovation cluster. 
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Fig. 7. Share of implementation per innovation by PD and non-PD farms. 
 
improved crop varieties (χ² = 13.09, p-value = 2. 966e-04), implemented Fanyajuu (with or without trees) (χ² = 
4.29, p-value = 0.04), harvested more crop residues (χ² = 5.67, p-value = 0.01) and implemented more tied ridging 
(χ² = 6.87, p-value = 0.01).  
In terms of household indicators, Wilcoxon rank sum test with continuity correction showed that compared 
with non-PD farms, PD farms have higher crop and animal sales (W = 6761, p-value = 1.435e-09; W = 5442, p-
value = 0.02), have a higher TLU (W = 1274, p-value = 3.824e-04) and more innovations implemented (W = 1556, 
p-value = 5.154e-03). Visualizations can be found in Annex 10. In none of the districts there is a significant (under) 
representation of PD farms.  
4.  Discussion 
4.1  Study findings  
The results showed some remarkable observations. To start, hardly any SI or household indicator was normally 
distributed, which means relatively high or low values for these indicators are not equally spread from the dataset 
mean. There was no clear correlation between the farm gross margin and the money spent on fertilizers. More 
generally, the correlation between the number of innovations implemented and the farm gross margin was positive, 
but lower than expected. There was a positive correlation between the TLU and the farm gross margin, but in the 
clusters there were no clear differences in the animal (product) sales, while animal numbers were low for all 
innovation clusters. Interestingly, PD farms had high animal (product) sales and a higher TLU than non-PD farms. 
The better performing innovation clusters and PD farms had high crop sales, but also tend to use more pesticides 
which does not match SI. Better performing innovation clusters had more innovations implemented and more 
specifically, they made more use of fertilizers and pesticides, except for cluster 1. PD farms were highly 
represented in better performing clusters, but interestingly the PD farms make more use of innovations which are 
not highly represented in these clusters, except for the use of improved crop varieties. Cluster 1 is the only 
innovation cluster which has significantly more PD farms, which could be explained by the still wide variety of 





4.2  Research questions  
The first sub-research question addressed the SI performance of the selected farms which have been using SI 
innovations for years, compared with farms with the same household characteristics but with fewer innovations 
implemented. The farm comparisons showed that for most indicators, the farms with more innovations performed 
better, despite some minor differences. More interesting is to look at the innovation clusters and PD analysis for 
these farms. Two of the six farms were identified as PD farms. The first one is selected Farm S1 (innovation cluster 
1). The farm has 10 innovations implemented, of which also three out of four that are used more by PD farms. 
Unexpectedly, the second PD farm was Comparable farm C3. With five innovations implemented, positioned in 
cluster 8, and having only one out of four innovations implemented which are used more by PD farms (improved 
crop variety), this is an unexpected result. Fig. 5 shows that indeed the farm performs better than average for four 
out of the five PD indicators.  
The second sub-research question addressed the SI performances and household indicators of innovation 
clusters. In total, 10 clusters were distinguished and 9 out of 17 innovations had most impact in this clustering. 
Broadly speaking, a division can be made between clusters 1-5 and clusters 6-10, where the former performed 
better in terms of SI and had more innovations implemented than the latter. Pesticide AI was however higher in 
these better performing clusters, which conflicts with SI. Cluster 1 had however relatively low pesticide AI. The 
main difference between clusters 2-5 and 6-10 was that in clusters 2-5 >80% of the farmers use top and basal 
fertilizer, which was very low in the latter innovation clusters. In cluster 1 the use of these fertilizers was also very 
low, but there was much more variation in other innovations implemented. Only four innovations are used by 
>80% of the farmers, but the average number of innovations for this cluster was 8.2 innovations.  
In terms of household characteristics, most of the better performing innovation clusters had higher crops sales 
than the lower performing clusters. There were no significant differences between the clusters for animal (product) 
sales. The better performing clusters spent more money on fertilizers, except cluster 1 and all better performing 
clusters spent more money on pesticides. There were significant differences between the area owned by the 
household, but these cannot be linked to cluster performances.  
The final sub-research question addressed the identification of extraordinarily better performing farms, of 
which in total 52 were identified.  With an average number of 8 innovations implemented by these PD farms 
compared with seven innovations implemented by the non-PD farms, PD farms significantly implemented more 
innovations. PD farms had, compared with the non-PD farms, made more use of the following innovations: 
improved crop varieties, Fanyajuu, harvesting of crop residues and tied ridging. Remarkable is that these 
innovations, except improved crop varieties, were not used by >80% of the farmers in any of the clusters. 
Besides the higher crop and animal (product) sales by PD farms, there were no significant differences in 
household characteristics compared with the non-PD farms. However, 94% of the PD farms spent more money on 
pesticides than non-PD farms. The contrasting high pesticide purchase by PD farms can be explained by very high 
pesticide AI use by some farms in the dataset, which consequently increased the dataset average. The overall 
pesticide AI of PD farms may thus be lower than dataset average, but ideally this would be further diminished.   
 
4.3  Study findings contextualization  
After modelling in FarmDESIGN, some results are worth an elaboration. The first one relates to the maize 
productivity. Smallholder farmers are expected not to produce more than 10 Mg per ha, or even 5 (Personal 
communication dr. J. Manda, 28-07-2021). This is supported by the maize productivities found by Timler et al. 
(2014) of 2,4 Mg per ha in Babati district and less than 1 Mg per ha in Kongwa district. In this study, the average 
maize productivity was 2.3 Mg per ha, which matches this expectation. There were however some outliers (40 
farms) that produced more than 5 Mg per ha, of which four reported to produce even more than 10 Mg per ha. 
Interestingly, these farms with unexpected high productivity all fit in innovation clusters 1-6, and none in clusters 
7-10. By far most of these outliers (18) fit in cluster 5. Only 12 out of 40 farms with very high maize productivity 
were PD farms, of which only three were positioned in clusters 3 and 4. 
For a large share of farms in the dataset, nitrogen efficiencies were high, which conflicts with earlier stated low 
nutrient efficiencies (Hutton et al., 2017; Schut & Giller, 2020). The NUE’s in Sub-Saharan Africa are however 
known to exceed efficiencies of 100%. The soils are nutrient scarce, and a small addition of nitrogen will thus be 
used very efficiently. However, due to a lack of added nutrients the soils are often mined (Edmonds et al., 2009). 
The low nitrogen fertilizer application is caused by the high price of fertilizer and the lack of infrastructure 
(Edmonds et al., 2009; Holden, 2018). Most better performing clusters used more fertilizers and the importance of 
good fertilizers is widely shown in previous studies (Rurinda et al., 2020; Schut & Giller, 2020), however Holden 
(2018) argues that simply increased fertilizer use is not per se a solution.  
Previous studies in Tanzania reported average nitrogen balances of values between -36.5 and -12.8 kg/ha 
(Kiboi, Ngetich, & Mugendi, 2019), which does not correspond with the average dataset value of 59 kg/ha (soil 
losses, accumulation and volatilization). An important explanation is the assumption made in FarmDESIGN that 
animals are kept in closed barn whole year round. This assumption is not entirely true, as livestock also grazes on 
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communal lands (personal communication dr. J. Manda, 28-07-2021) which happens especially in Mbozi and 
Babati districts (Muthoni et al., 2020). There was no specific information available about grazing systems in the 
household survey and since grazing systems possibly also strongly differ as well, the assumption was the same for 
all farms. This modelling however troubled the nutrient balances in FarmDESIGN, especially for farms with a 
high TLU. In order to provide sufficient energy for maintenance and production of livestock, large feed imports 
were assumed, which caused large nitrogen balances and losses. Arguably, the indicator was removed from 
analysis. However, Yayneshet and Treydte (2015) explain how communal grazing could contribute to 
environmental degradation. Therefore, it is chosen to keep the indicator as proxy for environmental degradation. 
Remarkable is that especially in cluster 1 the nitrogen balance is high, which can be explained by the high 
variability of TLU in this cluster. 
Timler et al. (2014) argue that income diversification helps the household with the spread of risks and improves 
dietary diversification. However, the average number of income sources was only two. There was no high 
correlation observed between the number of income sources and the HDDS (0.21), or any other indicator. The 
better performing clusters also did not have more income sources. For the PD farms the average number of income 
sources was slightly higher with an average of three sources. 
On average, farms had four different crops and animals on their farm. Waha et al. (2018) explain this low 
farming diversity by climatic conditions. Rainfall (variability) is changing in the future due to climate change, 
which makes it even harder to diversify in terms of farm crops and animals (Waha et al., 2018).  
Pesticides are widely used in Tanzania (Lekei et al., 2014), which corresponds with half of the farmers reporting 
pesticide use. Erosion is reported as a problem in the study area (Muthoni et al., 2020), but only 14 farmers reported 
a severe erosion problem on their farm. This seems promising, however almost half of the farmers (43%) still 
reported some problems with erosion. More than half of the farms had no erosion problems (55%).  
Kissoly, Karki, and Grote (2020) report an average HDDS ranging between 4.2 and 5.3 for their case study in 
rural districts in Tanzania. With a dataset mean of 6.1 food groups the farms in this dataset seem to perform above 
average. 
Women report limited representation in decision making and ownership (Timler et al., 2014), however with a 
mean of 0.56 in farm decision making and a modus of 0.5, this would suggest that women most of the times are at 
least equally involved in decision making. The boxplot in Annex 8 shows even a distribution which was quite 
female oriented for most of the innovation clusters. McOmber et al. (2015) explain the more how come agriculture 
is (becoming) more female oriented. The asset distribution tended to be more male oriented with a mean value of 
0.43, however the modus was still 0.5 suggesting an equal distribution. However, it should be kept in mind that 
with the measurement of social indicators, it might be easier to answer what would be socially desired or expected 
answers, instead of reporting how this works in reality.  
In Kongwa district, there were significantly more farms with fewer innovations. This was also found by Jambo 
et al. (2019). They explain the low implementation of innovations by not only financial constraints, but also 
intrinsic motivations. Referring this to the Theory of Change, it would be very interesting to further understand 
motivations and aspirations of these farmers and to explore how they could improve their future performances.  
 
4.4  Bottlenecks, limitations and improvements 
Generally, the findings of this study should be interpreted with a note of caution since there are many more SI 
innovations (Jambo et al., 2019). This study is based on the dataset resulting from a post-harvest study, which not 
necessarily focussed on all other or more general SI innovations. For example, most of the farms reported the 
implementation of durable or non-durable post-harvest facilities. These include many innovations (Fig. 3), and 
only one of these has to be used to have durable or non-durable post-harvest facilities implemented. This might 
overstate the implementation of the durable or non-durable post-harvest facilities and troubles the generalization 
of the findings in this study. Another limitation is the selection of SI innovations, as they could be differently 
interpreted. For example “crop residue harvesting” is identified as an innovation, as an important feed source for 
livestock (Lukuyu, Ngunga, & Bekunda, 2021). There is however a trade-off between the benefit of harvesting 
and leaving residues on the field (Wijk, 2010). Leaving crop residues on the field contributes to increased soil 
organic matter, which is beneficial for crop yields and soil carbon (Musumba et al., 2017; Wijk, 2010). Only 100 
farmers reported the harvest of crop residues, and it is not used in any cluster by more than eighty percent of the 
farms. It is however significantly more used in clusters 1 (44%) and 2 (50%), which are identified as better 
performing clusters, and by PD farms. The trade-off is likely also present at the farms, as there were only 37 
farmers that reported both harvesting crop residues and the application of organic amendments as fertilizer and 
only 25 farmers reported crop harvesting and mulching. There were more farms that report the application of 
organic amendments as fertilizer (in total 144).  
One of the main aims of this study was to ensure the inclusion of the human condition and social domain, as it 
was reported that in assessment these domains lack behind in documentation (Claessens, 2019). However, 
especially the social domain turned out to be hard to address due to gaps in documentation and shortcoming in 
questions in the questionnaire. Several (proxy) indicators were addressed in the survey but were documented 
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differently by the enumerators, which made them unable to use. For example, collective action (number of 
organizations involved with) was reported with inconsistencies between enumerators, which prohibited the 
calculation of number of organizations and therefore became a binary variable (being a member of an organization 
yes or no). Generally accepted indicators to measure the social domain were hardly included in the survey, causing 
some difficulties to identify indicators and forcing to use own identification and interpretation of social indicators.  
Another source of uncertainty applies to the productivity domain, as the three indicators (dietary energy 
productivity, maize productivity and nitrogen efficiency – and protein productivity for the human condition 
domain) highly correlate. Preferably, the indicators per domain do not correlate to ensure a more solid assessment 
of a domain. Based on the available data, there are however barely alternative indicators which could be determined 
based on the survey data or after modelling in FarmDESIGN. Other interesting indicators for the productivity 
domain could have been the yield gap or animal productivity, but here were too many uncertainties to model these 
indicators. Besides, ideally, the productivity of cereals as food group was addressed instead of maize solely. A 
large majority of the farmers reported maize cultivation (547 out of 579) as one of their main crops, while other 
cereals were reported less: sorghum (73), pearl millet (7), millet (3), barley (0) and wheat (1). These other cereals 
were cultivated on relatively very small plots with lower productivity. Therefore, it was decided to focus on the 
main maize crop as indicator for productivity. Additionally, it should be kept in mind that the reported crop yields 
were given by the farmers themselves, but were not checked by any program official. This possibly caused some 
deviation from real yields.  
Ideally, the household survey would have addressed more how livestock and other animals were kept, avoiding 
questionable assumptions as explained in the section above. Another assumption for FarmDESIGN that affects 
results is that in case there were few hours family labour available on the farms, this labour demand was filled 
with hired labour. This had great impact on the farm gross margin of several farms. Another limitation of the 
survey was that it did not include fixed costs, which prohibits the calculation of the operating profit which would 
have been more specific than farm gross margin. It would also allow to compare results with other studies, which 
is now complicated. 
Even though the farm comparisons show that farms with more innovations perform well and even better for 
several indicators, these comparisons also should be interpreted with some caution. The first reason concerns the 
farming area of the farms. As Table 1 shows, the selected farm and comparable farm always share the same district, 
household head gender and recommendation domain, and close to the same number of household members. 
Ideally, the farming area would have been more equal too. This especially applies to the comparison between Farm 
S3 and Comparable farm C3, as Farm S3 is more than double the size of the comparable farm. All six farms in the 
comparison have a higher farming area compared with the dataset mean (1.8 ha) and modus (0.8 ha). The 
representability of the comparable farms (C1, C2, C3) of farms with fewer innovations in the dataset, is therefore 
questionable. The second issue concerns comparison 2, as in order to provide a comparison with Farm S2 which 
had five innovations implemented, it was chosen to select Comparable farm C2 which had more innovations 
implemented. Simply, there were no farms that met all the conditions with fewer innovations, which is a good 
sign. The final issue concerns the visualizations in Fig. 5. To avoid distortion by outliers in the dataset, for each 
indicator the values of the dataset mean, modus, and the six farms are compared. Fig. 5.4 however reveals that the 
dataset mean differs from the modus for several indicators, and specifically the productivity indicators which 
troubles interpretation. Besides, Farm S1 is exceptionally large in terms of ha (4.86) and has an exceptionally high 
gross margin due to relatively low variable costs and relatively high gross margin per ha. This outlier troubles 
visualization in Fig. 5. 
The final remark addresses the PD analysis, as the indicators for the PD analysis were selected specifically on 
their independence to ensure validity. One big disadvantage of this approach is that the results were hard to 
extrapolate over the whole domain.  
 
4.5  Suggestions for future research 
For this study, the already existing post-harvest survey dataset was used which limited the availability of 
suitable indicators. Ideally, indicators would be selected before conducting a survey. Then, the most important or 
general SI innovations could be identified and specified, rather than with a slight focus on post-harvest 
technologies. Rather than focussing on possible indicators based on data, it can be chosen to set indicators which 
have low or no correlations to avoid measuring similarities. Another suggestion is the verification of values for 
several indicators at fields, for example yields, to avoid unrealistic performances.  
Generally, future assessments should include the social domain in a more pragmatically, using general tools to 
measure these indicators. The use of more common tools also improves the contextualization of findings with 
other studies. A suggestion is the Women’s Empowerment in Agriculture Index (WEAI), which consists of two 
sub indicators: the degree of empowerment at (1) decisions about agricultural production; (2) access to and 
decision-making power about productive resources; (3) control over use of income; (4) leadership in the 
community; and (5) time allocation – which counts for 90%. The other 10% covers the Gender Parity Index (GPI), 
which measures gender parity by the percentage of women at achieve at least as much as the men in their 
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households. (Garbero & Perge, 2017). For the environmental domain, it would be interesting to focus more on 
nutrient balances, soil characteristics and greenhouse gas emissions. Another indicator in FarmDESIGN which 
could be considered is soil organic matter because it is important for nutrient uptake and water holding capacity 
of the soil (Holden, 2018; Paul et al., 2020).  
Multi-objective optimization in the PD methodology does not one give one single outcome, but a range of 
optimal solutions with trade-offs between these objectives (indicators). Therefore, Toorop et al. (2020) added the 
determination of an ideal point with the best value for each indicator as final step in their methodology. For this 
thesis there was no optimal point determined, as the aim of this study was not to find the optimal balance between 
the selected indicators but rather find optimally performance for the selected indicators in general. The suggestion 
for future research is to determine the ideal point and the maximum ordination (deviation) from this point, thus to 
identify the most beneficial trade-offs between indicators. Additionally, the maximum ordination (deviation) from 
this ideal point should also be determined. Following the Theory of Change and the SI concept in general, this 
should be done together with involved stakeholders, especially the farmers themselves. Preferably, this is done 
relatively small-scale for three reasons. The first reason considers the poverty trap, as smallholder farmers are 
highly dependent from available resources and (non-existing) markets (Holden, 2018), and secondly, therefore the 
SI concept also can be highly diverse between places, production systems and populations (Bernard & Lux, 2017). 
The final reason is that smallholder farmers are highly heterogeneous and have their own dreams, ambitions and 
motivations which should be taken into account (Jambo et al., 2019; Tittonell, 2008). The maximum ordination 
from the ideal point should therefore be not to small, to avoid only very few farms that have the potential to reach 
this ideal point (Padmaningrum et al., 2019). The PD analysis in this study provides however already a solid 
indication of extraordinarily performance, as the farms identified as PD perform better than the dataset mean for 
at least four out of the five selected indicators.  
Despite a higher share of PD farms in innovation cluster 1 (which is characterised by a still high diverse 
combination of innovations), there were no significant representation of PD farms in other innovation clusters. It 
would be interesting to figure out how the farms which already make use of relatively many innovations and are 
identified as better performing clusters, can still further improve to reach optimality. Besides, it would be 
interesting how and if pesticide use could be diminished without significantly affecting farm performances. 
Finally, future attention should be paid to farms with a lower performance. What are aspirations of these farmers 
and how could their performance or long-term wellbeing be improved? 
5.  Conclusion 
The main goal of this thesis was to determine whether there is a correlation between outstanding performing 
farms in terms of SI and the innovations these farms have implemented. Ten innovation clusters were 
distinguished, based on combinations of innovations they have implemented. The innovations that turned out to 
be the most important for this clustering were: non- and durable post-harvest facilities, rip tillage, improved crop 
varieties, application of top and basal fertilizer, crop rotation, minimum tillage and mulching. Most farms in all 
clusters make use of at least one of the durable and non-durable post-harvest facilities. Rip tillage is another widely 
used innovation. Broadly, half of the clusters performed well in terms of SI and these have relatively many 
innovations implemented. The most remarkable difference with clusters that had lower performance, is that most 
farms in better performing clusters made more use of fertilizers. Other important innovations used by farms in 
better performing clusters were improved crop varieties, crop rotation, minimum tillage and mulching. More than 
half of the farms included in the post-harvest study were represented in one of these better performing innovation 
clusters with many innovations, indicating the relevance of SI innovations. An important side note is however that 
many of these farms used considerable amounts of pesticides which conflicts with SI.  
A subset of 52 out of 558 farms were identified as extraordinarily better or Positive Deviant farms, meaning 
they performed better than average for at least four out of five domains and performed Pareto-optimal. The 
domains were represented by the following indicators dietary energy productivity (productivity), farm gross 
margin (economic), pesticide AI (environmental), HDDS (human condition) and asset ownership distribution 
(social). Four striking results were observed for the PD farms. Firstly, PD farms implemented significantly more 
innovations than non-PD farms. Secondly, PD farms used more of innovations which were not highly represented 
in the clusters, which were: Fanyajuu, harvesting crop residues and tied ridging. An exception was the use of 
improved varieties which is also relatively high represented in the better performing clusters. Thirdly, PD farms 
were significantly more present in the better performing innovation clusters. The largest share of PD farms was 
found in the innovation cluster which was characterized by a high number of innovations implemented, but also 
still the most variation in innovations which were implemented. PD farms were characterized by high crop sales, 
high TLU and animal (product) sales, and slightly more income sources compared with non-PD farms. Fourthly, 
even though pesticide AI remains below dataset averages, these farms also used considerable amounts of 
pesticides, which conflicts SI.  
The selected farms that have been using SI innovations for several years performed well in terms of SI, however 
only one of them was identified as PD farm. Surprisingly, one of the Comparable farms with fewer innovations 
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was also identified as PD farm and used only one of the innovations which was distinctively used more by PD 
farms.  
Unfortunately, this thesis was limited in the inclusion of the social domain due to a lack of information. Another 
issue is the limitation of correct nutrient balances in this study. Future holistic impact assessments could focus 
more on the inclusion of the social and environmental domains.  
Despite its exploratory nature, this thesis confirms the importance of SI innovations for smallholder farmers in 
Tanzania. The hypothesis that farms with more innovations would have a better performance compared to farms 
with fewer innovations was conformed, just as the hypothesis that the farms which have been using innovations 
for years were found in a well performing innovation cluster. The clustering has shown which innovations seem 
to contribute to a better performance, and the Positive Deviance analysis has shown that even though some 
innovations might not be widely used in a specific combination, they could contribute to further improvement of 
farm performances. The study also shows that even though more than half of the farms included in the study 
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Annex 1: Overview Africa RISING technologies  
Personal communication with Lieven Claessens (25-11-2020).  
Broad category Validated flagship technologies 
Genetic integration involving introducing new crops 
and varieties to overcome existing biotic and abiotic 
stress 
Drought-tolerant maize 
Climbing bean; nutrient-dense beans 
Short-duration pigeon pea 
Manipulation of crop ecologies to get more crops on 
limited land and maximize biological nitrogen 
fixation 
Doubled-up food legumes & mbilimbili 
Doubled-up fodder legumes & mbilimbili 
Cereal-legume intercropping, crop rotation 
Integrated soil fertility management as a cost-
effective approach to replenish soil fertility 
Optimized fertilizer rates, composts 
Livestock manure 
Cover crop composts 
Introduction of land management technologies to 
reduce soil loss and enhance water utilization 
In situ water harvesting 
Physical barriers to reduce erosion – ‘fanya juu’, 
‘fanya chini’, and shelterbelt 
Cover crops 
Conservation agriculture 
Improved livestock feed quality and quantity Quality forage and fodder-based feed rations 
Poultry feeds with vegetable rations and housing 
Livestock feed with fodder rations 
Pre- and post-harvest approaches to reduce food 
waste and improve food safety 
Motorized shelling machine, collapsible dryer cases, 
PICS bags 
Aflasafe application in maize and ground fields 
Nutrient-rich food crops for improved household 
nutrition 
Vegetables 
Quality protein maize 





Annex 2: Elaboration sustainable intensification innovations 
Non-durable post-
harvest facilities 
Polypropylene sheets for grain sun-drying, canvas/tarpaulin used for grain sun-drying, 
sisal bags used for drying, sisal bags used for storage, polypropylene bags for grain 
storage, hermetic PICS bags used for grain storage. Based on household survey. 
Rip tillage “[…] The system involves making furrows at 75 cm spacing using a ripper and leaving 
the rest undisturbed. Subsoiling is also made in these lines. Finally, planting is carried 
out in the same furrows. The system has been found effective and is being popularized 
among smallholder farmers in much of the Southern and Eastern African countries.” 
(Temesgen, Hoogmoed, Rockstrom, & Savenije, 2009, p. 187) 
Durable post-
harvest facilities 
The durable post-harvest facilities include the metal silo, plastic drum, Kihenge 
(traditional closed storage facility), basket, large pot, separate structure used for maize 
storage, room in house used for maize storage, traditional crib (round bottom), traditional 
granary (cylindrical shape, flat bottom), traditional storage over fire in kitchen, improved 
granary (wicker wall), improved granary (wooden wall). Based on household survey.  
Improved crop 
variety 
“These are usually hybrid seeds which are produced by cross-pollinated plants. Hybrids 
are usually preferred to enhance the agronomic properties of the resultant plants, such as 
better yield, greater uniformity, improved colour, improved nutrition value, disease 
resistance” (Jambo et al., 2019, supplementary data). 
Top dressing 
fertilizer 
The application of fertilizer after sowing or planting.  
Basal fertilizer The application of fertilizer before sowing or planting.  
Crop rotation “Crop rotation ensures growing different crops in succession on a farm field to avoid soil 
exhaustion and control weeds, pests, and diseases, add humus to the soil, soil, fertility 
and control of erosion.” (Jambo et al., 2019, supplementary data). 
Minimum tillage “The goal is to ensure minimum soil disturbances essential for effective crop production. 
This method of tillage does not turn the soil over.” (Jambo et al., 2019, supplementary 
data). 
Mulching “The application of mulching practices reduces soil evaporation, conserves soil moisture, 
suppresses weed growth, controls soil structure and temperature, influences soil micro-
organisms, and is aesthetically pleasing.” (Kader, Senge, Mojid, & Ito, 2017, p. 1).  
Plot 
intercropping 
“We argue that intercropping, which is the simultaneous production of multiple crops on 
the same area of land, could play an essential role in this intensification.” 




These include crop residues , animal manure, compost, green leafy biomass and 
household refuse/waste. Based on household survey.  
 
Fanyajuu (with 
and without trees) 
“Fanya juu involves making terraces by digging a trench along the contour and the soil is 
flung uphill to form embankments which can be stabilised with fodder trees or grasses in 
between cultivated portions. Fanya chini involves excavating a trench along the contour 
and the soil is placed on the lower side of the contour trench. The method is used to 
divert water and conserve soil and is applicable on slopes up to 20%.” 
(Jambo et al., 2019, supplementary data). 
Harvesting crop 
residues 
“Crop residues are left overs of harvested crops such as maize, wheat or rice husks, 
seeds, bagasse, molasses and roots. They can be used as animal fodder and soil 
amendment, fertilizers and in manufacturing. One goal of SI is to minimize losses. Crop 
residues provide 24% of total feed energy in developing countries. Moreover, it provide 
a good source of  manure, mulch and livestock fencing etc.” (Jambo et al., 2019, 
supplementary data). 
Boundary trees Boundary trees contribute to food security, help with climate change adaptation and 
provide environmental and social benefits for smallholders. For example, trees enhance 




Other ridges than tied ridges on the plots. 
Tied ridging The implementation of ridges which are blocked with earth ties with intervals, in order to 
enhance water conservation, control erosion and prevent soil runoff (Biazin & 
Stroosnijder, 2012).  
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Farm level metrics Method SIAF HH survey 
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net income for all 




10.1 Net income (total 
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Domain Environment  
Part 1 Biodiversity and water 
SIAF 
indicator 
Farm level metrics Method SIAF HH survey 
indicator 










% Vegetative cover 
by type 
Quadrats, transects, 
or visual estimate of 
cover, Participatory 
exercise 
3.1.1 Q21, 24 
etc.--> mweh 
    
% Burned land Quadrats, transects, 
or visual estimate of 
cover, Participatory 
exercise 




Beta Diversity Index Vegetation sample, 
Transects 
     




Q22, Q23 etc 
    
 









Fuel biomass (e.g., 
wood, residues) 
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lightning 13 
part 12 q25 








Survey    
% of hh fuel 
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Irrigation use  Survey   Water 
sufficiency 
Survey   13 part 12 Q 
22, 23 
% of fields wilting  Survey. Participatory 
exercise  
 Water security 
index  












Part 2  Soil and pollution 
Erosion   3.1 Q13 
erosion field 
level 
    
 
Soil biology Relative measures of 
plot‐level metrics 
across farm fields  
missing      
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Lookup tables by 
activity or input, 
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Pesticide use Active ingredient 
applied per ha  
Agricultural survey 3.2.1 Q39 tm 
42 
    
 





































Food consumption score Survey   
















 Food availability Survey 7.3 HH 
produced 
foods 
5.1 food in 
storage? 
5.2 Q1,2,3 
Food accessibility Survey 7.1. part 6 
Q3, 5 
5.2 Q1,2,3 











Months of food insecurity Survey 7.1 food 
security 
indicence 
Q 2, 3 
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   # of new practices being tested Individual 
survey, Focus 
group 
 Bijv. 4.5.1 Q1 
 
Domain social 




Gender equity resources Land access by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
9.1 Q1,2  
Livestock ownership by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
9.2.1 Q4,5  
capacity Access to information Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 










13 part 12 q21 
distance 
primary school 
agency Time allocation by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
  
Management control by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
1 Q3: sex of 
HH head 
 








Market control by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
  
achievements Income by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 




Nutrition/food security by 
gender 
Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
7.1 part 6 Q6 all 
HH members 
same variety of 
foods 
 









Health status by gender Individual survey, Participatory 
evaluation, Focus group discussions, 
Household survey 
  
Cross-cutting Rating of technologies by 
gender 
Participatory evaluation   
     Divide labor 






Access to resources (land and livestock ownership) Key informant interviews, Participatory 
evaluation, Focus group discussions, 
Household survey 
 3.2.1 Q4? Kg 
seeds bought 
Capacity (access to information) Key informant interviews, Participatory 
evaluation, Focus group discussions, 
Household survey 
  
Agency (leadership roles) Key informant interviews, Participatory 
evaluation, Focus group discussions, 
Household survey 
1 Q3: sex of 
HH head 
 








Achievements (income, nutrition, food security, health, 
well-being) 
Key informant interviews, Participatory 
evaluation, Focus group discussions, 
Household survey 










Rating of technologies by group Key informant interviews, Participatory 








Participation in community activities Household survey, Focus group 
discussions, Key informant interviews 
  
Level and reliability of social support Household survey, Focus group 
discussions, Key informant interviews 
13 part 12 Q 6, 
7 
 
Family cohesion Household survey, Focus group 





Participation in a collective action group Household survey 13 part 12  





Annex 4: Survey data to FarmDESIGN 
Farm 
 
MixedFarm newFrm = new MixedFarm 
{ 
    Name = "Farm_" + hh_id, 
    Description = "From file: " + householdInfoFile, 
    IntakeSystem = "DMI", 
    EnergySystem = "ME", 
    EnergyUnit = "MJ", 
    ProteinSystem = "CP", 
    FoodGroups = 




Note: food groups are: "None", "Cereals", "White roots and tubers", "Vit. A rich vegetables and tubers", 
"Dark green leafy vegetables", "Other vegetables", "Vitamin A rich fruits", "Other fruits", "Organ meat", 
"Flesh meats", "Eggs", "Fish and other seafood", "Beans and peas", "Nuts and seeds", "Milk and milk 




Expenditures = sum of “amount_lessspent” for all rows belonging to HH_ID from file 
"Nonfoodexpend_Lessfrqnt.csv" 
 
Remittance = value of "income_amount_Tsh" for row where "Incomesources_ID" is equal to 
“12)Remittances (sent from non-resident family and relatives living elsewhere)” belonging to HH_ID from 
file "Income_sources.csv". 
 
Pension = sum of "income_amount_Tsh" for rows where "Incomesources_ID" is NOT equal to {1, 2, 12, 16, 





Foreach row belonging to HH_ID from file "Household_Roster.csv": 
 
HouseholdMember hmr = new HouseholdMember 
{ 
HhdID = hhd.HhdID, 
    FrmID = pFrmID, 
    Name = ((string)r_hmr["Name_member"]).Substring(0, 4), 
    PersonAge = Convert.ToDouble(r_hmr["Member_age"]), 
    Status = "Normal" 
}; 
hmr.BirthYear = 2020 - (Inter-Agency Regional Analysts Network)hmr.PersonAge; 
int sex = Convert.ToInt32(r_hmr["Member_Sex"]); 
hmr.Gender = sex == 1 ? "Male" : "Female"; 
 
hmr.RegularLaborInput = hmr.PersonAge < 12 || hmr.PersonAge > 59 ? 0 : hmr.PersonAge < 18 ? 200 : 1600; 
 
The “RegularLaborInput” is the potential number of hours that a person can work, either on- of off-farm. It 
has been assumed 1600 h for adults with age between 18 and 59 years, and 200 h for children between 12 and 
















The fertilizers listed for the reference farm (see spreadsheet “Reference_data_FD.xlsx”, tab “FRT”) are 





The pesticides listed for the reference farm (see spreadsheet “Reference_data_FD.xlsx”, tab “PST”) are 





The presence of animals is extracted from rows with “Householdassets_ID” between 40 and 47 belonging to 
HH_ID from file "Household_assets.csv". For animals with “assets_owned_number” >0 the parameters for 
animal type with corresponding AnmID in spreadsheet “Reference_data_FD.xlsx”, tab “ANM” are added. 
Moreover, associated animal products are inserted from the reference farm as in spreadsheet 
“Reference_data_FD.xlsx”, tab “APR”. If no animals were added for the farm a dummy is inserted. 
 
The energy and protein requirements are calculated for animal maintenance, proportional to the metabolic 
weight of the animal (=Weight0.75): 
energy_required += newAnm.Number * 365 * newAnm.EnergyMaint * Math.Pow(newAnm.Weight, 0.75); 
protein_required += newAnm.Number * 365 * newAnm.ProteinMaint * Math.Pow(newAnm.Weight, 0.75); 
 
And for production (each product): 
energy_required += newAnm.Number * newApr.Production * 365 * newApr.EnergyRequirement; 
protein_required += newAnm.Number * newApr.Production * 365 * newApr.ProteinRequirement; 
 
Energy requirement, summed for all animals, is used later for feed balancing, see below. 
 
Costs per animal: Animal costs include costs made for young animals, sheds/fencing, medicine/veterinary 
services, tools, and non-durable tools.  
 




A crop was entered for each of the rows representing a plot belonging to HH_ID from file 
"Crop_production.csv". In FarmDESIGN a crop is the use of a field (plot) within a year, including intercrops, 
relay cropping or sequentially cultivated crops. Hence, each row representing a plot was included as a crop in 
FD. The resulting crop products for the cultivated species are listed, and the amount of applied fertilizer and 
pesticide used can be linked to the crop. 
 
The main crop and intercrops (up to 3) specified in a crop production row ("Main_crop_grown", 
"first_intercrop", "Second_interc", "third_intercrop") are combined under one crop entity in FD. The name is 
a combination of the separate crop names separated by “ – “, for instance “(1) Maize - (5) Common bean - (4) 
Pigeon Pea” where maize is the main crop, common bean the first intercrop and pigeon pea the second 
intercrop. 
 
The data for the crop entity in FD is a combination of the main crop and intercrops as specified in spreadsheet 
“Reference_data_FD.xlsx”, tab “CRP”. The values are aggregated proportionally to the percentages of the 





The data for the crop product entities of the main crop and intercrops is copied from products in spreadsheet 
“Reference_data_FD.xlsx”, tab “PRD”. The yield of the main product (kg) of the crop species is extracted 
from "Harvest_maincrop", "Harvest_firstintercrop", "Harvest_secondintercrop", "Harvest_thirdintercrop" 
columns and is used to calculate fresh yield in FD expressed per unit of area (kg/ha). Moreover, aboveground 
organic matter and total nitrogen are calculated. Residue dry matter is estimated based on a fixed harvest 
index that is used for all crops. 
 
MainPrd.FreshYield = yield / area; 
aboveground_OM += MainPrd.FreshYield * MainPrd.DMContent / 100 * (1 - MainPrd.AshContent / 100); 
residue_dm_yield = yield * MainPrd.DMContent / 100 / area * ((1 / HarvestIndex) - 1); 
 
And for legume crops: 
legume_abovegr_N += MainPrd.FreshYield * MainPrd.DMContent / 100 * MainPrd.NContent / 100; 
 
Parameters used: 
RootShootRatio = 0.3 
HumificationCoeff = 0.2 
HarvestIndex = 0.45 
FractionFixedN = 0.6 
legumeCrops = { 4, 5, 6, 7, 8, 10, 14, 27, 51, 55, 56 } 
 
Subsequently, crop residue products are added.  
 
RestPrd.FreshYield = residue_dm_yield / (RestPrd.DMContent / 100); 
aboveground_OM += RestPrd.FreshYield * RestPrd.DMContent / 100 * (1 - RestPrd.AshContent / 100); 
 
And for legume crops: 
legume_abovegr_N += RestPrd.FreshYield * RestPrd.DMContent / 100D * RestPrd.NContent / 100; 
 
Costs for crops are calculated, for seeds, traction, land rent and storage. Seed costs are derived for main crop 
and intercrops from “SeedcostsM”, “Seedcost1”, “Seedcost2”, and “Seedcost3”. Traction costs can apply to 
animal traction “animal_traction” and costs are “cost_animalpower” and to use of a tractor specified with 
“tractor_hire” with costs of “tractor_costs”. The area of land rented is “land_rent” and the costs per unit of 
area is “landrent_costsperha”. Storage costs are from “storagecost_afterhavest”. 
 
Family and hired labour at crop level (main crop and intercrops combined) required for cultivating the crops 
are calculated from the number of people involved and the number of working days they spend. The 
quantifies are aggregated for the different types (female, male, children), activities (land preparation, planting, 
weeding, fertilizer application, chemicals application, harvest, postharvest) and crops (main crop, first, 
second, third intercrop). It is assumed that a working day has 7 hours, and the quantity is corrected for area, 
expressing the labour in hours per ha. Family labour is stored as “regular labour” and hired as “casual labour”. 
The hired labour is also summed at the farm/household level to estimate the supply of hired labour. The 
supply of family labour or availability to work is specified for each household member dependent on their age 
(see above). 
 
Effective Organic Matter (EOM) and symbiotic nitrogen fixation are calculated as: 
newCrop.EffOrganicMatter = aboveground_OM * RootShootRatio * HumificationCoeff; 
newCrop.NFixation = legume_abovegr_N * FractionFixedN * (1 + RootShootRatio); 
 
The fertilizers listed for the reference farm (see spreadsheet “Reference_data_FD.xlsx”, tab “FRT”) are 
inserted for the farm. It is assumed that the organic amendment (manure or compost) is bought and imported 
into the farm, i.e., a Fertilizer in FarmDESIGN (note that a Manure is FD is only produced on-farm). The type 
of organic amendment is derived from ‘Majororganic_fertilizers’, the amount from ‘manure_quantity’ and the 
unit from ‘manure_Unit’. Unit conversions are in the table below. 
 
The basal and top-dressing applications of fertilizers are derived when ‘Apply_fertilizerb’ =1 and ‘Apply_top’ 
=1, the type of fertilizer from ‘Type_basal’ and ‘Topdressing_fertilizer’ and the quantity from 




Quantities of applied manure and fertilizers were verified based on their unit prices (see tab ‘Fertilizer prices’ 
in spreadsheet “Reference_data_FD.xlsx”).  
 
Table 1. Unit conversions for manure and fertilizer. 
Units Unit used for 
manure 
Unit used for 
fertilizer 
Correction to kg 
(1)Grams   0 
(2)Kg X X 1 
(3)Debe X X 25 
(4)Bag X X 50 
(5)Tonnes X  125 
(6)Litre(s)  X 1 
(7)Kopo(1kg Tin)   0 
(8)Kopo(2kg Tin)   0 
(9)Sado(4kg Tin)   0 
(10)Cart X  100 
(11)Small bunch   0 
(12)Big bunch   0 
(13)Crates   0 
(14)Number   0 
(15)Wheelbarrow X  50 
 
The pesticides listed for the reference farm (see spreadsheet “Reference_data_FD.xlsx”, tab “PST”) are 
inserted for the farm. The amount of pesticide is derived from ‘pesticide’ and herbicide from ‘Herbicdes’. 
 
After adding the crops cultivated on the farm as specified in the survey, a feed balance calculation is done to 
estimate the amount of feed that is imported from outside the farm. It is assumed that the energy supply 
should be sufficient to cover the animal demands. Note that the productivity of the animals has not been 
specified in detail, and only egg production is assumed in tab “APR” of file “Reference_data_FD.xlsx”. The 
sum of energy derived from crop residues is calculated, assuming that these would be primarily used to feed 
animals. For each residue p: 
energy_supply += area * p.FreshYield * p.DMContent / 100 * p.FeedEnergy * (1 - p.FeedLoss / 100); 
 
When there is a surplus of energy (energy_supply > animal requirement) then a correction factor is calculated 
to direct part of the crop residues for use as a soil amendment. 
correction = FeedRequired / energy_supply; 
 
And for each residue p: 
p.ToAnimals = correction; 
p.ToSoil = 1D - correction; 
 
When there is a shortage of energy (energy_supply < animal requirement) then the amount of required 
external grass is calculated, see crop ‘External’ with CrpID=60 in tab “CRP” and crop product ‘Grass’ with 
PrdID=60 in tab “PRD” of file “Reference_data_FD.xlsx”. The amount needed is calculated as: 
grass.ToAnimals = (EnergyRequired - energy_supply) / (grass.FeedEnergy * (1 - grass.FeedLoss / 100D)); 




The areas of the plots (crops in FD) are derived from "plotsize_farmer_est" for each of the rows representing 






Parameters entered for economic characteristics are presented below. The hired_labour is derived from crop 
production only. The costs of hired labour are estimated at 1200 TSH per hour. The interest rate for 
capital/lending is estimated at 10%, which is applied to capital assets of buildings, machines and livestock. 
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Other animal costs are extracted from file ‘Livestock_costs.csv’ using items with “Livestockcosts_ID” = { 1, 
3, 4, 7, 8 } and quantified as “Total_expenditure”. 
 
Economics ecn = new Economics 
{ 
    FrmID = newFrm.FrmID, 
    Currency = "TSH", 
    InterestRate = 10, 
    HiredCasualLabor = hired_labor, 
    CasualLabourPrice = 1200, 
    OtherAnimalCosts = CalcOtherAnimalCosts(livestockCostsTable.Select("HH_ID=" + hh_id.ToString())) 
}; 
 
Explain: Household budget 
6.13 Module: Household budget The household budget can be analysed in the ‘Budget’ tab of the Explain 
window. Income: BO: off-farm income (summed for all household members) BF: income from farming 
Expenditures: BN: expenditures on nutrition BR: re-investment in farm FE: free expenditures 
 
Hours per main, first, second and third intercrop are calculated based on the following:  
(Crop_production.Familylandprep_malenumber * Crop_production .FamilyLand_prepnmaledays + 
Crop_production.Familylandprep_femalenumber * Crop_production.FamilyLand_prepnfemaledays + 
Crop_production.Familylandprep_childnumber * Crop_production.Familylabr_chilprepdays + 
Crop_production.Hired_landprepmalenumber * Crop_production.Hired_landprepmaledays + 
Crop_production.Hired_landprepfemalenumber * Crop_production.Hired_landprepfemaledays + 
Crop_production.Hired_landprepchildrennumber* Crop_production.Hired_landprepchildrendays + 
Crop_production.Fam_plantmalenumber * Crop_production.Fam_plantmaledays + 
Crop_production.Fam_plantfemalenumber * Crop_production.Fam_plantfemaledays + 
Crop_production.Fam_plantchildrennumber* Crop_production.Fam_plantchildrendays + 
Crop_production.Hired_plantmalenumber * Crop_production.Hired_plantingmaledays + 
Crop_production.Hired_planfemalenumber * Crop_production.Hired_planfemaledays + 
Crop_production.Hired_plantchildrennumber * Crop_production.Hired_planchildrendays + 
Crop_production.Fam_weedmalenumber * Crop_production.Fam_weedmaledays + 
Crop_production.Fam_weedfemalenumber * Crop_production.Fam_weedfemaledays + 
Crop_production.Fam_weedchildrennumber * Crop_production.Fam_weedchildrendays + 
Crop_production.Hired_weedmalenumber * Crop_production.Hired_weedmaledays + 
Crop_production.Hired_weedfemalenumber * Crop_production.Hired_weedfemaledays + 
Crop_production.Hired_weechildrennumber * Crop_production.Hired_weedchildrendays + 
Crop_production.Fam_Fertilizermalenumber * Crop_production.Fam_fertilizermaledays + 
Crop_production.Fam_fertilizerfemalenumber * Crop_production.Fam_fertilizerfemaledays + 
Crop_production.Fam_fertilizerchildrennumber * Crop_production.Fam_fertilizerchildrendays + 
Crop_production.Hired_fertilizermalenumber * Crop_production.Hired_fertilizermaledays + 
Crop_production.Hired_fertilizerfemalenumber * Crop_production.Hired_fertilizerfemaledays + 
Crop_production.Hired_fertilizerchildrennumber * Crop_production.Hired_fertilizerchildrendays + 
Crop_production.Fam_chemicalmalenumber * Crop_production.Fam_chemicalmaledays + 
Crop_production.Fam_chemicalfemalenumber * Crop_production.Fam_chemicalfemaledays + 
Crop_production.Fam_chemicalchildrennumber * Crop_production.Fam_chemicalchildrendays + 
Crop_production.Hired_chemicalmalenumber * Crop_production.Hired_chemicalmaledays + 
Crop_production.Hired_chemicalfemalenumber * Crop_production.Hired_chemicalfemaledays + 
Crop_production.Hired_chemicalchildrennumber * Crop_production.Hired_chemicalchildrendays + 
Crop_production.Fam_harvestingthreshmalenumber * Crop_production.Fam_harvestingthreshmaledays + 
Crop_production.Fam_harvestingthreshfemalenumber * Crop_production.Fam_harvestingthreshfemaledays + 
Crop_production.Fam_harvestingchildrennumber * Crop_production.Fam_harvestingchildrendays + 
Crop_production.Hired_harvestingmalenumber * Crop_production.Hired_harvestingmaledays + 
Crop_production.Hired_harvestingfemalenumber * Crop_production.Hired_harvestingfemaledays + 
Crop_production.Hired_harvestingchildrennumber * Crop_production.Hired_harvestingchildrendays + 
Crop_production.Fam_postharvestmalenumber * Crop_production.Fam_postharvestmaledays + 
Crop_production.Fam_postharvestfemalenumber * Crop_production.Fam_postharvestfemaledays + 
Crop_production.Fam_postharvestchildrennumber * Crop_production.Fam_postharvestchildrendays + 
Crop_production.Hired_postharvestmalenumber * Crop_production.Hired_postharvestmaledays + 
Crop_production.Hired_postharvestfemalenumber * Crop_production.Hired_postharvestfemaledays + 
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Crop_production.manure_costs + Crop_production.Basal_costs + Crop_production.Topdressing_costs + 




Crop_production.SeedcostsM + Crop_production.cost_animalpower + Crop.production_oxentractor_costs + 
(Crop_production.land_rent * Crop_production.landrent_costsperha) 
 
Totalcosts_Firstintercrop =  
Crop_production.Seedcost1 + Crop_production.First_cost_animalpower + 
Crop_production.First_oxentractor_costs + (Crop_production.First_land_rent * 
Crop_production.First_landrent_costperha) 
 
Totalcosts_Secondintercrop =  
Crop_production.Seedcost2 + Crop_production.Sec_cost_animalpower + 
Crop_production.Sec_oxentractor_costs + (Crop_production.Sec_land_rent * 
Crop_production.Sec_landrent_costperha) 
 
Totalcosts_Thirdintercrop =  
Crop_production.Seedcost3 + Crop_production.Third_cost_animalpower + 









































































































































































































Household size 0.04 X 
          
Off-farm income -0.08 -0.16 X 
         
Crop sales 0.02 0.14 -0.19 X 
        
Animal (product) 
sales 
0.06 0.10 -0.14 0.03 X 
       
Money spent on 
fertilizers 
0.03 0.15 -0.24 0.50 -0.08 X 
      
Money spent on 
pesticides 
0.01 0.06 -0.13 0.43 0.04 0.44 X 
     
Food purchase last 
week 
-0.01 0.06 0.05 0.12 0.13 0.09 0.09 X 
    
Ha owned by 
household 
0.17 0.23 -0.19 0.28 0.14 0.32 0.30 0.10 X 
   
Ha farmed by 
household 










Total number of 
innovations 
-0.02 0.06 -0.11 0.22 -0.03 0.38 0.18 0.12 0.06 0.07 0.18 X 
38 
 








Farm S1 Comparable 
farm C1 
Farm S2 Comparable 
farm C2 






4.73 1.54 3.9 4.1 4.7 2.6 
Maize productivity 2.26 2.5 2.10 0.38 0.52 2.48 1.30 0.80 
Nitrogen Efficiency 78.91 20 46 64 72 23 62 72 
Farm Gross Margin 1843141 1000000 18106967 953350 4353785 1757386 6481297 2954495 
Income diversification 2.28 2 1 1 2 1 3 3 
Household Leisure Time 3080 3000 9171 4909 2763 1375 3975 4184 




6 2 6 6 7 4 
Erosion 2.52 3 3 3 3 2 2 2 
Pesticides AI 0.45 0 0.00 0.00 0.00 0.00 0.00 0.00 
Nitrogen Balance 59.03 0 34.46 3.55 11.04 63.90 15.35 6.72 
HDDS 6.06 6 10 6 6 8 9 7 
WDDS 4.14 4 8 6 4 5 7 5 
Protein productivity 9.77 0 8.81 1.97 8.83 5.87 7.68 5.39 
Education 6.35 7 7 7 7 4 7 7 
Collective action 0.40 0 1 0 1 0 1 0 









0.50 0.55 0.47 0.50 0.50 0.56 
 
Annex 7: Result HCA 
The height of the branches represents the dissimilarity within and between the clusters. The final determination 
of the number of clusters is based on the heights of the branches and the interpretability of the clusters: too many 
clusters would make the interpretation of the clusters very hard, few clusters would give too much variation of 






The spread of innovations over the farms. Farms in the first five clusters (left side) have more 




Annex 8: SI performance per innovation cluster  
The highlighted cells represent a significant difference with the other cluster.  
 





1 2 3 4 5 6 7 8 9 
2 0.15848 - - - - - - - - 
3 0.03824 0.28648 - - - - - - - 
4 0.62174 0.38845 0.07821 - - - - - - 
5 0.00719 0.18813 0.96695 0.03492 - - - - - 
6 0.00316 4.90E-06 3.30E-06 0.00139 7.80E-08 - - - - 
7 0.0004 2.20E-06 2.30E-06 0.00051 5.70E-08 0.50391 - - - 
8 5.70E-
08 
7.80E-11 5.70E-10 1.20E-07 2.10E-12 0.01149 0.07306 - - 
9 2.90E-
05 
8.80E-07 1.70E-06 4.10E-05 1.50E-07 0.07821 0.19871 0.96695 - 
10 2.90E-
05 







1 2 3 4 5 6 7 8 9 
2 0.00543 - - - - - - - - 
3 0.00052 0.27589 - - - - - - - 
4 0.45644 0.06623 0.00684 - - - - - - 

































1 2 3 4 5 6 7 8 9 
2 0.00362 - - - - - - - - 
3 0.00023 0.28002 - - - - - - - 
4 0.00516 0.58513 0.68156 - - - - - - 
5 1.30E-
06 
0.02555 0.5298 0.32444 - - - - - 
6 0.28145 0.43746 0.15684 0.34776 0.02998 - - - - 
7 0.73162 0.0305 0.00516 0.02996 0.00044 0.25018 - - - 
8 0.68156 0.01317 0.00248 0.01317 0.00023 0.20331 0.98735 - - 
9 0.63243 0.03901 0.00815 0.04234 0.00248 0.28002 0.73162 0.75172 - 
10 0.5298 0.5298 0.25018 0.4024 0.11934 0.79496 0.5298 0.5298 0.3806 
 





1 2 3 4 5 6 7 8 9 
2 0.6461 - - - - - - - - 
3 0.1457 0.2858 - - - - - - - 
4 0.202 0.3505 0.996 - - - - - - 
5 0.4161 0.6274 0.3866 0.4404 - - - - - 
6 0.002 0.0021 0.0455 0.0508 0.0021 - - - - 
7 0.1109 0.1277 0.6274 0.6274 0.1948 0.1948 - - - 
8 0.0116 0.017 0.1109 0.1327 0.017 1.000 0.2102 - - 
9 0.0322 0.0455 0.1948 0.1811 0.0455 0.9882 0.315 1.000 - 











1 2 3 4 5 6 7 8 9 
2 0.46424 - - - - - - - - 
3 0.06363 0.18977 - - - - - - - 
4 0.87126 0.65724 0.12085 - - - - - - 
5 0.78865 0.65724 0.07292 0.88624 - - - - - 
6 0.01501 0.0006 0.0001 0.01501 0.00234 - - - - 
7 0.63686 0.17684 0.01501 0.46424 0.34713 0.14571 - - - 
8 0.79264 0.87126 0.25977 0.87126 0.88624 0.0197 0.44056 - - 
9 0.25977 0.46424 0.87126 0.33893 0.33893 0.00657 0.13702 0.46424 - 
10 0.00018 0.00018 0.00312 0.00023 0.0001 3.00E-
05 
0.0001 0.00054 0.00794 
 





1 2 3 4 5 6 7 8 9 
2 0.0057 - - - - - - - - 
3 0.0287 0.5523 - - - - - - - 
4 0.0287 0.6479 0.9913 - - - - - - 
5 0.1249 0.0436 0.3723 0.2227 - - - - - 
6 0.5517 0.0287 0.1249 0.1214 0.454 - - - - 
7 0.4022 0.095 0.2613 0.2227 0.6292 0.7362 - - - 
8 0.5523 0.0039 0.0057 0.0057 0.0287 0.2227 0.1249 - - 
9 0.6919 0.0287 0.0501 0.0501 0.1231 0.454 0.3384 0.9608 - 












1 2 3 4 5 6 7 8 9 
2 0.12789 - - - - - - - - 
3 0.00065 0.00484 - - - - - - - 
4 0.00197 0.01462 0.58375 - - - - - - 
5 0.00065 0.01914 0.18345 0.45728 - - - - - 
6 0.0016 0.01462 0.54429 0.99493 0.47211 - - - - 
7 0.00219 0.01236 0.46631 0.89279 0.44044 0.86129 - - - 
8 7.80E-
05 
0.00017 0.47211 0.16123 0.01182 0.16578 0.08871 - - 













1 2 3 4 5 6 7 8 9 
2 0.53699 - - - - - - - - 
3 0.03966 0.00082 - - - - - - - 
4 100.000 0.53699 0.03966 - - - - - - 
5 0.92338 0.21875 0.03966 0.92338 - - - - - 
6 0.96771 0.59493 0.03228 0.96771 0.7004 - - - - 
7 0.97664 0.55254 0.03966 0.97664 0.89067 0.96771 - - - 
8 0.96771 0.53699 0.12572 0.96771 0.96771 0.92338 0.96771 - - 
9 0.2296 0.03966 100.000 0.2296 0.24234 0.18163 0.22811 0.34096 - 











1 2 3 4 5 6 7 8 9 
2 5.10E-10 - - - - - - - - 
3 8.20E-07 0.1762 - - - - - - - 
4 4.50E-05 0.0026 0.1923 - - - - - - 
5 1.30E-08 0.1151 0.9438 0.1229 - - - - - 
6 0.1285 2.40E-13 2.30E-10 9.60E-09 8.50E-13 - - - - 
7 0.1046 3.00E-13 2.30E-10 1.00E-08 2.10E-12 0.9178 - - - 
8 0.0023 2.40E-13 2.10E-11 2.30E-10 4.20E-13 0.0811 0.1047 - - 
9 0.3302 4.20E-06 4.80E-05 0.0003 2.00E-05 0.9781 0.9781 0.1762 - 







1 2 3 4 5 6 7 8 9 
2 0.0083 - - - - - - - - 
3 0.0028 0.5848 - - - - - - - 
4 0.0074 0.6805 0.8945 - - - - - - 
5 7.70E-
06 
0.0736 0.73 0.6274 - - - - - 
6 0.0033 0.6274 0.9483 0.95 0.6274 - - - - 
7 0.0164 0.9645 0.5848 0.6946 0.0951 0.6274 - - - 
8 0.0051 0.73 0.73 0.8284 0.308 0.7931 0.8128 - - 
9 0.0665 0.9483 0.6946 0.73 0.5735 0.6805 0.9844 0.7931 - 









1 2 3 4 5 6 7 8 9 
2 0.67726 - - - - - - - - 
3 0.05876 0.3093 - - - - - - - 
4 0.05876 0.3093 100.000 - - - - - - 
5 0.3093 0.64071 0.41915 0.40703 - - - - - 
6 0.70583 100.000 0.21671 0.21423 0.55183 - - - - 
7 0.67726 100.000 0.32783 0.3093 0.67726 100.000 - - - 
8 0.12631 0.38575 100.000 100.000 0.55183 0.3093 0.39268 - - 
9 0.67726 100.000 0.38575 0.38575 0.80919 100.000 100.000 0.41915 - 







1 2 3 4 5 6 7 8 9 
2 0.74377 - - - - - - - - 
3 0.18434 0.34097 - - - - - - - 
4 0.05196 0.16847 0.65525 - - - - - - 
5 0.51777 0.74377 0.46041 0.16393 - - - - - 
6 0.4642 0.70662 0.55324 0.21065 0.84713 - - - - 
7 0.30081 0.60786 0.74377 0.51268 0.60786 0.70662 - - - 
8 0.56868 0.96332 0.51268 0.33509 0.96223 0.96223 0.74377 - - 
9 0.04266 0.16847 0.39595 0.51268 0.09141 0.09141 0.24144 0.16847 - 











1 2 3 4 5 6 7 8 9 
2 0.75189 - - - - - - - - 
3 0.80033 0.86875 - - - - - - - 
4 0.51551 0.28795 0.33064 - - - - - - 
5 0.3449 0.51551 0.61992 0.07793 - - - - - 
6 0.00049 2.10E-05 0.00016 0.00976 2.80E-06 - - - - 
7 0.0001 7.70E-06 5.30E-05 0.00207 5.10E-07 0.53593 - - - 
8 1.60E-
07 
3.00E-09 1.10E-07 3.00E-06 3.00E-10 0.02121 0.11921 - - 
9 4.00E-
05 
3.10E-06 1.80E-05 0.0002 2.60E-06 0.14221 0.43706 0.84411 - 
10 1.30E-
05 







1 2 3 4 5 6 7 8 9 
2 0.976 - - - - - - - - 
3 0.837 0.941 - - - - - - - 
4 0.795 0.837 0.976 - - - - - - 
5 0.786 0.829 0.976 0.976 - - - - - 
6 0.023 0.051 0.106 0.099 0.066 - - - - 
7 0.098 0.159 0.377 0.362 0.289 0.532 - - - 
8 0.066 0.106 0.269 0.232 0.174 0.837 0.786 - - 
9 0.579 0.67 0.738 0.738 0.738 0.837 0.976 0.976 - 











1 2 3 4 5 6 7 8 9 
2 0.53 - - - - - - - - 
3 0.45 0.61 - - - - - - - 
4 0.92 0.61 0.45 - - - - - - 
5 0.45 0.92 0.63 0.53 - - - - - 
6 0.45 0.87 0.92 0.5 0.92 - - - - 
7 0.92 0.53 0.45 0.92 0.45 0.45 - - - 
8 0.45 0.57 0.95 0.45 0.59 0.82 0.45 - - 
9 0.54 0.92 0.92 0.6 0.92 0.92 0.48 0.87 - 
10 0.57 0.92 0.84 0.63 1 0.92 0.5 0.64 0.92 
 





1 2 3 4 5 6 7 8 9 
2 0.7474 - - - - - - - - 
3 0.4211 0.6144 - - - - - - - 
4 0.0545 0.0159 0.0362 - - - - - - 
5 0.7575 0.9428 0.6262 0.0411 - - - - - 
6 0.3147 0.2114 0.1791 0.8046 0.2336 - - - - 
7 0.2803 0.4201 0.7582 0.0034 0.3669 0.0545 - - - 
8 0.3669 0.4796 0.7999 0.0545 0.4796 0.2336 0.9456 - - 
9 0.2803 0.3535 0.6144 0.0545 0.3669 0.2114 0.7791 0.7791 - 







Interpretation with caution. Relatively high shares of missing values, remarkably high in innovation clusters 9 
and 10.  
 Member of social institution  
Innovation 
cluster 
Yes  No NA Total % NA of total 
1 21 23 17 61 27.86885 
2 25 48 19 92 20.65217 
3 19 21 19 59 32.20339 
4 18 27 10 55 18.18182 
5 38 42 40 120 33.33333 
6 18 13 28 59 47.45763 
7 7 21 27 55 49.09091 
8 3 22 13 38 34.21053 
9 2 3 14 19 73.68421 
10 1 4 13 18 72.22222 
NA 0 0 3 3 27.86885 
 152 224 203 579  
 
 
Pearson's Chi-squared test: χ²= 68.586, df = 18, p-value = 7.828e-08 
Innovation 
cluster 
1 2 3 4 5 6 7 8 9 
2 0.546 - - - - - - - - 
3 0.87 0.51 - - - - - - - 
4 0.636 0.99 0.518 - - - - - - 
5 0.794 0.35 0.99 0.482 - - - - - 
6 0.482 0.152 0.524 0.193 0.518 - - - - 
7 0.274 0.518 0.198 0.518 0.152 0.059 - - - 
8 0.059 0.167 0.057 0.167 0.028 0.012 0.518 - - 
9 0.99 0.794 1.000 0.794 1.000 0.794 0.518 0.274 - 
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Annex 9: Household characteristics per innovation cluster. 
The highlighted cells represent a significant difference with the other cluster.  
 
Household head gender 
 
Share of female and male headed households per innovation cluster. 
The Pearson's Chi-squared test with simulated p-value (based on 2000 replicates) gives: χ²= 15.774, p-value = 
0.07196. There are  no significant differences between innovation clusters in terms of gender. 
 






1 2 3 4 5 6 7 8 9 
2 0.97 - - - - - - - - 
3 0.97 0.97 - - - - - - - 
4 0.97 0.97 0.97 - - - - - - 
5 0.97 0.97 0.97 0.97 - - - - - 
6 0.97 0.97 0.97 0.97 0.97 - - - - 
7 0.97 0.97 0.97 0.97 0.97 0.97 - - - 
8 0.97 1 0.97 0.97 0.97 0.97 0.97 - - 
9 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 - 

























1 2 3 4 5 6 7 8 9 
2 0.14 - - - - - - - - 
3 0.1 0.61 - - - - - - - 
4 0.1 0.52 0.86 - - - - - - 
5 0.11 0.98 0.52 0.41 - - - - - 
6 0.98 0.14 0.1 0.1 0.1 - - - - 
7 0.88 0.24 0.14 0.17 0.19 0.88 - - - 
8 0.88 0.24 0.14 0.17 0.24 0.88 0.88 - - 
9 0.86 0.28 0.21 0.24 0.24 0.86 0.71 0.79 - 








1 2 3 4 5 6 7 8 9 
2 0.2929 - - - - - - - - 
3 0.2929 0.9128 - - - - - - - 
4 0.9931 0.3446 0.2929 - - - - - - 
5 0.3291 0.9392 0.7541 0.4082 - - - - - 
6 0.2929 0.0069 0.0069 0.2929 0.0069 - - - - 
7 0.9128 0.3446 0.3446 0.9869 0.4293 0.2929 - - - 
8 0.9128 0.2929 0.2929 0.9128 0.3446 0.3929 0.9128 - - 
9 0.6631 0.2929 0.2929 0.7068 0.2929 0.9931 0.7196 0.7813 - 













1 2 3 4 5 6 7 8 9 
2 0.55322 - - - - - - - - 
3 0.94802 0.62738 - - - - - - - 
4 0.28619 0.04112 0.26445 - - - - - - 
5 0.08078 0.26445 0.13536 0.00208 - - - - - 
6 0.0052 4.30E-05 0.00688 0.07347 2.60E-07 - - - - 
7 0.00024 5.60E-07 0.00024 0.00303 8.40E-10 0.21729 - - - 
8 3.50E-05 7.90E-07 4.30E-05 0.00032 7.20E-09 0.00688 0.06114 - - 
9 5.00E-05 4.20E-06 5.70E-05 0.00028 2.60E-07 0.00276 0.01623 0.37351 - 
10 1.80E-05 7.90E-07 1.80E-05 4.30E-05 4.00E-08 0.00036 0.00284 0.21572 0.69464 
 






1 2 3 4 5 6 7 8 9 
2 0.788 - - - - - - - - 
3 0.152 0.214 - - - - - - - 
4 0.082 0.093 0.788 - - - - - - 
5 0.729 0.914 0.214 0.086 - - - - - 
6 0.909 0.914 0.201 0.084 0.832 - - - - 
7 0.704 0.909 0.389 0.152 0.914 0.795 - - - 
8 0.475 0.682 0.788 0.475 0.704 0.536 0.788 - - 
9 0.852 1.000 0.475 0.234 0.927 0.914 0.914 0.795 - 













1 2 3 4 5 6 7 8 9 
2 5.40E-11 - - - - - - - - 
3 1.80E-11 0.526 - - - - - - - 
4 7.30E-12 0.142 0.523 - - - - - - 
5 1.10E-12 0.451 0.841 0.724 - - - - - 
6 0.196 3.70E-13 1.30E-13 3.50E-14 6.60E-15 - - - - 
7 0.878 1.30E-10 8.70E-11 5.40E-11 5.10E-12 0.258 - - - 
8 0.037 3.60E-11 1.20E-11 4.80E-12 1.80E-12 0.207 0.053 - - 
9 0.125 5.90E-08 2.50E-08 1.10E-08 5.30E-09 0.35 0.147 - - 
10 0.142 1.90E-07 7.90E-08 3.70E-08 2.00E-08 0.373 0.169 - - 
 






1 2 3 4 5 6 7 8 9 
2 0.00192 - - - - - - - - 
3 0.43727 0.0977 - - - - - - - 
4 0.0811 0.17712 0.60989 - - - - - - 
5 0.17712 0.12196 0.79544 0.77879 - - - - - 
6 0.5396 0.00023 0.1684 0.01436 0.06882 - - - - 
7 0.66664 0.0005 0.23676 0.0248 0.0977 0.86711 - - - 
8 0.08031 9.70E-06 0.02079 0.00039 0.00415 0.1684 0.1684 - - 
9 0.86711 0.01436 0.44389 0.0977 0.24853 0.77879 0.85247 0.16536 - 












1 2 3 4 5 6 7 8 9 
2 0.38593 - - - - - - - - 
3 0.54325 0.87875 - - - - - - - 
4 0.03659 0.60706 0.42757 - - - - - - 
5 0.82069 0.42757 0.49324 0.05028 - - - - - 
6 0.06729 0.03659 0.05116 0.00131 0.33901 - - - - 
7 0.94704 0.33984 0.63112 0.01871 0.87551 0.07752 - - - 
8 0.63112 0.87551 0.80006 0.31658 0.54325 0.05024 0.54325 - - 
9 0.80006 0.76348 0.83745 0.31658 0.61408 0.12845 0.67525 0.87875 - 
10 8.60E-
05 
0.00317 0.0074 0.0074 0.00023 2.90E-05 8.60E-05 0.00055 0.00273 
 





1 2 3 4 5 6 7 8 9 
2 0.2817 - - - - - - - - 
3 0.0305 0.5206 - - - - - - - 
4 0.0305 0.7904 0.5914 - - - - - - 
5 0.1337 0.9271 0.4129 0.7273 - - - - - 
6 0.7149 0.1037 0.0029 0.0029 0.0305 - - - - 
7 0.7788 0.4129 0.0397 0.0739 0.2662 0.3506 - - - 
8 0.9271 0.2294 0.0305 0.1037 0.1593 0.7904 0.7149 - - 
9 0.9271 0.5206 0.1037 0.2294 0.4129 0.6696 0.9319 0.9087 - 













1 2 3 4 5 6 7 8 9 
2 0.576 - - - - - - - - 
3 0.14 0.445 - - - - - - - 
4 0.144 0.576 0.839 - - - - - - 
5 0.318 0.748 0.576 0.784 - - - - - 
6 0.639 0.395 0.077 0.121 0.17 - - - - 
7 0.917 0.72 0.144 0.213 0.395 0.569 - - - 
8 0.487 0.318 0.077 0.121 0.144 0.791 0.433 - - 
9 0.449 0.351 0.077 0.077 0.144 0.75 0.395 0.986 - 







1 2 3 4 5 6 7 8 9 
2 0.212 - - - - - - - - 
3 0.089 1.000 - - - - - - - 
4 0.097 1.000 1.000 - - - - - - 
5 0.089 1.000 1.000 1.000 - - - - - 
6 0.03 1.000 1.000 1.000 1.000 - - - - 
7 0.133 1.000 1.000 1.000 1.000 0.863 - - - 
8 0.03 1.000 1.000 1.000 1.000 1.000 0.41 - - 
9 0.089 1.000 1.000 1.000 1.000 1.000 1.000 1.000 - 















1 2 3 4 5 6 7 8 9 
2 0.90217 - - - - - - - - 
3 0.05783 0.22864 - - - - - - - 
4 0.26073 0.41787 0.0091 - - - - - - 
5 0.47009 0.69 0.23787 0.08252 - - - - - 
6 4.30E-06 0.00177 0.04651 6.10E-06 0.00024 - - - - 
7 4.70E-09 1.10E-05 0.00012 9.30E-08 5.30E-07 0.00177 - - - 
8 1.70E-09 2.40E-06 1.10E-05 4.40E-08 1.00E-07 2.00E-05 0.20465 - - 
9 1.60E-07 1.70E-05 3.40E-05 1.50E-06 3.60E-06 1.70E-05 0.04651 0.32416 - 





Annex 10: Household indicators PD farms compared with non-PD farms 
 DS stands for the remaining farms (non-PD) in the dataset.  
  
Household head age 
W = 14107, p-value = 0.6561 
Household size 
W = 15164, p-value = 0.2004 
  
Off-farm income 
W = 13373, p-value = 0.7821 
Crop sales 
W = 6761, p-value = 1.435e-09 
  
Animal (product) sales 
W = 5442, p-value = 0.01922 
Money spent on fertilizers 






Money spent on pesticides 
W = 1934.5, p-value = 0.05182 
Money spent on food  
W = 2010, p-value = 0.1135 
  
Ha owned by household 
W = 2455, p-value = 0.713 
Ha farmed 
W = 2469, p-value = 0.7249 
  
TLU 
W = 1274, p-value = 0.0003824 
Innovations 







Chi-squared shows there is no significant difference between household head gender between PD farms and 
















Gender distribution amongst Postive deviant farms and Non-Positive 
deviant farms
Non-Positive deviant farms Positive deviant farms
